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THE   PROBABLE   VALUE   OF   THE   COXSTAIS^T  OF  ABERRATIOX, 

By  S.  C.  chandler. 


The  general  history  of  our  knowledge  of  the  value  of 
the  constant  of  aberration  is  familiar  to  astronomers.  It 
has  had  some  singular  vicissitudes.  A  half  a  century  ago 
this  element  was  supposed  to  have  been  fixed  by  Struct: 
with  an  accuracy  which  almost  discouraged  further  investi- 
gation of  it.  Kyeen,  in  1883,  thoroughly  unsettled  this 
belief ;  and  some  ten  years  later,  after  the  discovery  of 
the  inconstancy  in  the  jjositiou  of  the  pole  —  and  especially 
after  Doolittle's  striking  results  had  begun  to  inspire 
still  greater  distrust  of  Struve's  value  —  all  illusion  of 
security  vanished,  the  question  was  thrown  wide  open,  and 
there  was  a  renewal  of  active  general  investigation.  The 
premature  attempt  of  the  Almanacs  in  1896  to  legislate 
upon  the  matter  fortunately  did  not  stifle,  or  even  per- 
ceptibly retard  this  inquiry ;  and  it  is  now  manifest  that 
the  conventional  correction  to  Struve's  value  then  hastilj' 
adopted  is  entirely  insufficient,  being  not  over  a  third  of 
the  correction  reallj'  required.  This  is  not  a  matter  of 
mere  individual  opinion,  but  is,  I  think,  the  conclusion  to 
which  any  astronomer  must  arrive  upon  examination  of  the 
very  extensive  material  now  available.  For  whatever 
divergencies  of  opinion  there  may  be  as  to  the  relative 
weights  of  the  various  determinations,  the  number  of  these 
is  now  so  considerable  that  even  wide  differences  of  judge- 
ment as  to  these  weights  can  exercise  little  influence  on 
the  mean  result,  which  comes  out  about  the  same  however 
the  weights  are  disposed ;  namely,  somewhere  between 
20".52  and  20".53.  Moreover,  the  body  of  existing  evi- 
dence is  now  so  large  that  the  addition  of  new  determi- 
nations, as  they  from  time  to  time  appear  in  print,  influences 
the  mean  result  of  all  in  a  scarcely  perceptible  degree.  So 
that  it  would  seem  that  the  time  has  nearly  or  quite  arrived 
w'hen  a  conventional  value  generally  acceptable  to  astrono- 
mers can  be  decided  upon,  if  desirable. 

During  the  past,  ten  years  the  writer  lias  made  the 
scrutiny  of  all  existing  evidence  bearing  on  the  aberration- 
constant  a  matter  of  much  care.  To  present  the  details  of 
this  revision,  with  a  full  statement  of  the  reasons  for  the 


exclusion  of  manj-  determinations  and  for  the  modification 
of  the  printed  results  for  others,  as  well  as  the  method  of 
assigning  weights,  would  unduly  extend  this  pa])er.  Never- 
theless some  particulars  on  these  points  should  be  given, 
if  only  as  a  guide  for  others  who  may  desire  to  review  the 
ground  for  themselves,  and  exercise  an  independent  judge- 
ment of  the  correctness  of  the  present  procedure,  and  how 
far  differences  of  opinion  as  to  details  may  affect  the  con- 
clusions here  reached  as  to  the  real  value  of  the  constant. 

First,  a  list  is  given  of  the  determinations,  made  from 
zenith-distances  measured  with  meridian  instruments,  which 
I  have  not  thought  it  allowable  to  employ  in  finding  the 
mean  value  of  this  constant. 


Bessel  {Fund.,  p.  123)  ;  20". 797  :  and  Peters  (Recherches)  ; 

20".522  :  from  Bradley's  zenith-sector  observations  of 

y  Draconis,  1754-55,  at  Greenwich. 
Auwers  {Monatsb.,  Berlin  Ak.,  1869)  ;  20".385  :  from  Molt- 

neux's  zenith-tube  observations  of  y  Dratonis,  1725-27, 

at  Kew. 
Auwers  (Ibid.)  ;   20".46O :    from  Bradlet's    zenith-sector 

observations  of  thirteen  stars,  1727-29,  at  Wanstead. 
BuscH  (Oxford  Memoir,  1838) ;   from   the  same  series  as 

above,  Kew,  20".250,  Wanstead,  20".205. 
Brinkley  (Phil.  Trans.,  1821) ;    20".372  :    from  his  obser- 
vations with  8-ft.  vertical  circle  at  Dublin. 
EiCHARDSON  (Mem.  R.  A.S.,  1828);    20".503  :    Greenwich 

Mural  Circle. 
Hendersox  (Mem.  R.A.S.,  1839)  ;    20".41  :    from  zen.  dist. 

of  Sirius  at  Cape  G.  H. 
Henderson  (Ibid.,  1842) ;   20".523  :    from  altitudes  a  Cen- 

tauri  at  Cape  G.  H. 
Maclear  (Ibid.,  ISol)  ;    20".531 :    from  altitudes   a  Cen- 

tauri  at  Cape  G.  H. 
Maclear  (Ibid.,  1852) ;  20".594  :  from  altitudes  ^  Centauri 

at  Cape  G.  H. 
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Main  (Ibid.,  1859-60)  ;    20".335  :    from  Greenwich  Reflex 

Zenith-Tube,  1852-59. 
Downing   (Mon.  Xot.  XLIl) ;    20".378  :    from    Greenwich 

Keflex  Zenitli-Tube,  1857-7."). 
TiiACKKRAV  (Afon.  Not.,  LIX,  p.  350)  ;    20".67  U.C,  20".30 

L.C.,  obsns.  of  Polaris,  Greenwicli,  1851-93. 

The  principal  reason  for  the  exchision  of  most  of  the 
above  series  is  that  the  aberration  is  inherently  and  neces- 
sarily indeterminate  from  them,  irrespective  of  the  quality 
of  the  observations  themselves ;  as  I  have  shown  in  various 
places ;  see  A.J.  287,  p.  178  ;  A.J.  427,  p.  151 ;  Mon.  Not, 
LXII,  p.  122. 

Secondly,  I  give  a  list  of  determinations  from  right- 
ascension  observations  which  I  have  not  employed. 

Bessel  (Fund.,  p.  118-121)  ;  20".643  from  Siritts,  Frocyon, 

Vega   and  Altair ;    20".755  from  Polaris,  Bradley's 

observations. 
Strove  (Dorpat,  1822)  ;  20".349  ;  and  Peters  (Eecherches)  ; 

20".361 :  differences  R.A.  of  six  circumpolars  observed 

by  Struve. 
Peters  (Num.  Const.,  p.  56) ;   20".425,  from  Struve's  and 

Preuss's  Dorpat  obsns.  of  Polaris,  1822-38. 
Linden Au  (Abkandl.,  Berlin  Ak.,  1841)  ;  20".449  :  R.A.  of 

Polaris  at  various  observatories,  1750-1816. 
Newcomb  {Astron.  Const.,  p.  138)  ;  20".55  :  R.A.  of  Polaris, 

Washington,  1866-67. 
Newcomb  {Ibid.,  p.  139)  ;    20".o9  :    R.A.  of   circumpolars, 

Greenwich. 
Thackeray  {Mon.  Not.,  LIX,  p.  347)  ;  2()".42  :  R.  A.,  Polaris, 

Greenwich,  1851-93. 

The  want  of  control  of  sj'stematic  diurnal  changes  in 
the  instrument  is  the  source  of  waut  of  confidence  in 
results  for  aberration  found  from  right-ascensions.  "Whether 
this  -should  go  to  the  extent  of  exclusion  of  such  results 
is  of  course  a  matter  of  opinion ;  although  I  presume  no 
one  would  be  inclined  to  give  them  anything  but  a  small 
weight.  At  any  rate  the  only  series  I  have  retained  are 
those  with  the  Pulkowa  Transit,  as  hereinafter  given. 

Thirdly,  the  determinations  by  means  of  prime-vertical 
transits  which  have  not  been  used  are  the  two  following : 

Hall  {A.J.  169,  p.  1) ;  Newcomb  {A.J.  263)  :  Washington, 

1862-6.. 
Wanach  (^.iV^.3092);  Pulkowa,  1890-91. 

The  reason,  in  the  first  case,  has  been  already  referred 
to  {A.J.  287,  p.  178) ;  and  in  the  second,  is  found  in 
Wanach's  own  remarks  thereupon. 

Finally,  of  the  determinations  obtained  by  Taloott's 
method,  the  only  ones  not  included  are  those  for  Waikiki 
(see  ^.j;517,  518,  519),  and  Bethlehem  for  the  year  1890. 


It  will  thus  be  seen  that  the  number  of  the  existing 
determinations  of  the  aberration  here  excluded  is  twenty- 
four  as  against  the  forty-three  employed,  hereinafter  given. 
Such  a  wholesale  rejection  of  so  large  a  proportion  of 
observation,  numerically  considered,  may  on  its  face  seem 
startling,  arbitrar}-,  and  possibly  indefensible ;  and  to 
require  for  its  justification  a  specific  statement,  in  each  in- 
stance, of  the  grounds  therefor.  It  has  not  been  done 
carelessly,  however,  but  at  the  cost  of  labor  of  intimate 
examination  quite  as  great  as  has  been  expended  on  those 
determinations  which  have  led  to  positive  results,  and 
which  have  been  actually  employed  in  obtaining  my  final 
mean  of  this  constant.  I  am  sometimes  inclined  tosusjject 
that  some  former  collocations  of  the  material  for  the  same 
purpose  have  been  perhaps  too  cursorily  made.  Whether 
the  dimensions  of  the  limbo  which  I  have  constructed  are 
too  ample  is  a  question  that  can  not  be  decided  off-hand ; 
and  I  feel  justified  in  throwing  the  burden  of  proof  upon 
those  who  are  inclined  to  think  that  a  higher  weight  than 
zero  should  have  been  accorded  to  some  of  the  values  that 
have  here  been  left  out  of  the  account.  I  will  only  take 
space  for  the  general  remark  that  the  constant  with  which 
\fe  are  dealing  is  one  in  which  known  sources  of  constant 
error  exist  that  tend  to  operate  in  one  direction,  and  that 
the  means  are  not  now  at  hand  for  applying  corrections  for 
them  with  any  degree  of  confidence;  so  that  the  safer 
road  lies  in  the  direction  of  exclusion  of  results  in  which 
such  vitiation  is  to  be  feared,  rather  than  towards  seeking 
to  enlarge  the  number  of  available  results,  in  the  hope  of 
balancing  errors. 

We  now  come  to  the  determinations  emploj'ed  in  this 
investigation.  These  are  given  below,  classified  by  the 
methods  of  observation,  with  such  details  as  maj^  be  useful 
as  to  the  data  on  which  they  rest,  so  far  as  they  can  be 
supplied.  In  the  last  column  are  the  weights  that  I  have 
been  led  to  assign,  according  to  the  best  judgement  which 
I  could  exeroise  of  all  the  circumstances  bearing  thereupon, 
among  which  the  quoted  probable  errors  are  of  course  only 
subordinate.  This  was  naturally  a  most  delicate  and  diffi- 
cult part  of  the  task,  as  it  always  is  in  investigations  of 
this  sort  at  the  point  where  computation  has  to  be  aban- 
doned and  mere  estimate  resorted  to  of  the  relative  pre- 
ponderance which  should  be  allowed  to  the  various  collat- 
eral circumstances  to  be  brought  to  this  point  of  view.  It 
is  here  that  criticism  finds  a  wide  gateway  to  enter,  and 
any  dispute  that  may  arise  can  with  difficulty  be  rationally 
settled.  Consequently  it  is  fortunate  that  in  the  present 
case  such  differences  of  opinion  can  have  little  effect ;  for 
it  will  be  found  from  experiment  that  very  considerable 
departures,  within  reason,  may  be  made  from  the  relative 
weights  here  used  without  perceptible  influence  on  the 
final  mean. 
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Talcott's  Method. 

Observer 

Station 

Bate 

Groups 

Pairs 

Aberr'n 

p.e. 

Reference 

Wt. 

Kiistner 

Berlin 

84.5-85.5 

_ 

244 

20.611 

_ 

A.J.429,  430,  433 

1 

Marcuse 

Berlin 

89.1-90.7 

IX 

1762 

.490 

±0.012 

A.N.  3015 

3 

Marcuse 

Berlin 

91.1-93.0 

IX 

2831 

.507 

± 

.011 

BA.lnt.Erdm.,im<i 

6 

Ristenpart 

Karlsnilie 

92.8-94.6 

IV 

1978 

.499 

_ 

VJS.  29 

5 

Weinek  and  Gruss 

Prague 

89.2-92.4 

IX 

3062 

.504 

± 

.027 

A.J.  520 

6 

Becker 

Strassburg 

91.4-94.3 

YII 

386 

.475 

± 

.012 

VJS.  30 

2 

Davidson 

San  Francisco 

91.4-92.6 

VIII 

6768 

.555 

± 

.021 

A.J.  520 

10 

Gill  and  Fearnley 

Cape  G.  H. 

92.1-94.2 

VI 

621 

.575 

■± 

.008 

Mon.  Not.,  LVIII 

4 

Fergola 

Naples 

93.4-94.5 

IV 

2271 

.533 

- 

Naples  Acad.,  1897 

8 

Schnaudei-  and  Hecker 

Potsdam 

93.9-98.0 

X 

4400 

.498 

± 

.016 

A.J. 520 

10 

Doberck 

Hongkong 

_ 

_ 

_ 

.477 

± 

.040 

A.N.  3504 

2 

Stein 

Leyden 

99.4-00.5 

X 

1590 

.541 

± 

.011 

Comm.  geod.  Ne'erl. 

3 

Kowalski 

Kasan 

92.4-93.5 

IX 

1223 

.539 

± 

.023 

A.J. 520 

3 

Oratchew  and  Trozki 

Kasan 

93.6-95.0 

IX 

1684 

.522 

± 

.022 

A.J.  520 

3 

Gratchew 

Kasan 

95.1-97.5 

IX 

2819 

.594 

± 

.018 

A.J.  520 

6 

Rees,  Jacoby  and  Davis, 

New  York 

93.3-94.5 

IV 

1774 

.457 

± 

.013 

A.J.  401 

6 

Rees  and  Davis 

New  York 

94.5-96.0 

IV 

1081 

.453 

± 

.013 

A.J.  451 

5 

Rees  and  Davis 

New  York 

96.0-98.0 

rv 

1839 

.469 

± 

.011 

A.  J.  451 

7 

Rees  and  Davis 

New  York 

98.0-00.0 

IV 

1824 

.470 

± 

.011 

A.J.  474 

7 

Doolittle 

Bethlehem 

92.8-94.0 

XI 

2796 

.551 

± 

.009 

Pub.  Sayre  Obs.  1902 

4 

Doolittle 

Bethlehem 

94.1-95.6 

IV 

2690 

.537 

_ 

Pub.  Sayre  Obs.  1901 

7 

Doolittle 

Philadelphia 

96.8-98.6 

IV 

3213 

.580 

± 

.009 

A.J.  453,  490 

10 

Doolittle 

Philadelphia 

98.7-99.9 

IV 

1919 

.540 

± 

.010 

A.J.  490,  U.P.  Pub.II 

8 

Doolittle 

Philadelphia 

00.4-01.7 

IV 

2657 

.561 

±0.008 

A.J.  509.  U.P.  Pub.  II 

9 

Intern'l  Service 

Six  stations 

99.8-02.0 

XII 

20302 

20.512 

- 

A.N.  3808 

16 

Mean 

20.523 

±  0.005 

151 

Prime  Vertical  Tr.4.nsits. 


Struve 
Nyren 
Nyre'n 


Place 

Date 

Stars 

Obsns. 

Aberr'n 

Pulkowa 

40.3-42.8 

7 

285 

20.50  : 

Pulkowa 

75.5-79.0 

4 

246 

.547 

Pulkowa 

79.9-82.1 

24 

566 

.521 

Mean 


20.525 


Reference 

A.J.  296,  improved 
A.J.  297,  improved 
A.J.  297,  improved 


Wt. 

3 

6 

15 


24 


Meridian  Zenith-Distances. 


Pond 

Greenwich 

1812-19 

Pol. 

- 

20.578    ±0.043 

A.J.  520 

1 

Pond 

Greenwich 

1825-36 

8 

2629 

.512    ±    .019 

A.J.  515 

3 

Struve  and  Preuss 

Dorpat 

1822-38 

Pol. 

1144 

.551    ±   .043 

Lundahl.  1842 

o 

Peters 

Pulkowa 

1842-44 

Pol. 

346 

.510   ±    .021 

A.J.  287 

4 

Peters 

Pulkowa 

1842-43 

7 

416 

.467 

A.J.  293 

1 

Gylden 

Pulkowa 

1863-70 

Pol. 

195 

.411) 
.4691 

A.  J.  293,  298 

3 

Gylden  and  Nyren 

Pulkowa 

1863-73 

10 

182 

.520 

A.J.  298 

1 

Nyren 

Pulkowa 

1871-75 

Pol. 

163 

.505 

A.J.  293 

4 

Becker 

Strassburg 

1885-90 

Pol. 

558 

-577   ±   .033 

Ann.  Strassb.  Obs.  I 

o 

Hall 

Ann  Arbor 

1898-00 

Pol. 

290 

.68      ±   .03 

A.J.  518 

1 

Mean 


20.514 


RlGHT-AsCEN'SIOX.^. 


Schweizer 

Pulkowa 

1842-44 

Pol. 

396 

20.56? 

Wagner  (E&E) 

Pulkowa 

1861-72 

Pol. 

439 

.50? 

Wagner  (Chron.) 

Pulkowa 

1861-72 

Pol. 

429 

.52? 

Meau 


20.53 ; 


A.J.444,462,A.N.3562 
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Prismatic  Apparatus. 


Observer 
Loewy  and  I'liiseux 
Comstock  and  Flint 


I'lace 
Paris 
JIadison 


Pairs 


Obsns.     Aberr'n        p.e. 


1890-91 
1890-92 


109 
752: 


20.447    ±0.024 
.443* 
.499/  • 


±0.010 


Compt.  Rend.  CXII  1 

Publ.  Washb.  Obs.  IX        4 


Mean 


20.48  : 


The  double  result  quoted  for  the  last  (Comstock's)  de- 
termination depends  on  the  way  the  peculiar  systematic 
personal  difference  is  treated.  An  independent  discussion 
of  these  observations  has  led  me  to  the  value  20".49.  The 
double  result  quoted  for  the  Polaris  vertical-circle  obser- 
vations of  Polaris,  1863-70,  arises  from  the  curious  contra- 
diction between  Nyren's  and  my  solutions,  one  of  which  I 
think  must  be  affected  with  some  purely  numerical  error. 

Collecting  and  combining  the  results  of  the  foregoing 
tables  we  have  the  following  summary : 

No.  Det.    Aberration        Wt. 


Talcott's  method, 

25 

20.523 

151 

Prime-vertical  transits, 

3 

.525 

24 

Meridian  zenith-distances, 

10 

.514 

22 

Right-ascensions, 

3 

.53  : 

6 

Prismatic  apparatus, 

2 

.48  : 

5 

General  mean, 

43 

20.521 

208 

Probable  error, 

±      .005 

The  brute  mean  of  the  forty-three  individual  results  is 
20".523,  differing  only  0".002  from  the  above  weighted 
mean ;  the  brute  mean  of  the  twenty-five  results  by  Tal- 
cott's Method  is  20".522,  differing  but  0.001  from  the  above 
weighted  mean ;  and  the  brute  mean  of  the  ten  results  by 
Meridian  Zenith-Distances  is  20".534,  which  is  0".020  greater 
than  the  weighted  mean. 

Various  experiments  with  the  weights  varied  within 
reasonable  limits  all  give  means  between  20". 522  and 
20".526.  In  short,  after  considering  the  data  in  various 
ways,  the  impression  on  my  own  mind  is  strong  that  the 
real  value  of  this  much  disputed  constant  is  likely  to  be 
found  near  or  slightly  above  20". 52. 

The  above  weighted  mean,  20".521,  which  may  be  re- 
garded as  the  result  of  this  investigation,  corresponds  to 
the  solar  parallax  8".781. 

It  is  interesting  and  apposite  to  remark  that  the  dis- 
cordance which  formerly  appeared  to  exist  between  the 
values  of  the  aberration  afforded  by  the  three  principal 
methods  on  which  we  must  rely  for  its  determination  — 
namely,  Talcott's  Method,  Prime  Vertical  Transits  and 
Meridian  Zenith-Distances  —  is  now  dissipated  ;  and  that 
the  reasonably  distrusted  method  of  Right-Ascensions  may, 
in  at  least  a  plausible  way,  be  also  brought  into  harmony 
with  the  others. 

Nor  can  I  neglect  to  emphasize  the  importance  of  the 
stride  forward  in  our  knowledge  of  this  constant  due  to  the 
suggestion  and  development  by  Kustxer  of  his  method, 


which  has  enriched  our  astronomy  with  a  means  of  investi- 
gating the  aberration  less  susceptible  than  any  other  to  the 
disturbing  influence  of  systematic  error  arising  from  known 
or  imaginable  causes,  and  which  has  been  so  prolific  of 
result  in  its  application. 

From  the  point  of  view  of  the  principles  above  adopted 
in-  the  use  of  the  data  this  investigation  should  stop  here, 
and  the  task  of  demonstrating  that  improvement  can  be 
expected  by  utilizing  some  or  all  of  the  material  here  ex- 
cluded should  be  left  to  those  who  would  advocate  that 
view.  Nevertheless  it  seems  appropriate  and  desirable  to 
show  how  much  the  final  result  would  have  been  affected 
by  incorporating  the  determinations  here  excluded.  I 
therefore  give  in  the  following  tabulation,  which  is  arranged 
in  the  same  manner  as  the  one  already  presented,  the 
results  of  the  twenty-four  excluded  series.  Thej'  are  used 
as  given  by  the  avithors  (rounded  only  to  the  nearest  hun- 
dredth) without  any  attempt  to  apply  corrections  for  vari- 
ations of  latitude,  with  which  many  of  them  are  necessarily 
affected.  An  attempt  has  been  made  to  assign  relative 
weights  such  as  I  suppose  would  not  be  materially  gainsaid 
by  those  who  might  be  inclined  to  favor  the  employment  of 
these  determinations  in  their  definitive  mean.  We  thus  have : 


Talcott's  Method. 


Waikiki, 
Bethlehem,  1890, 

Mean, 


Aberr"n  Wt. 

20^43  ^ 

•45  i 

20.44  1 


Prime  Vertical  Traxsits. 
Washington,  1862-67,  20.46         1 

Wanach,  .40         1 

Mean, 

Meridian  Zenith-Dist.\nces 
Peters  (Bradley,  1754-55), 

Auwers  (Kew), 
Auwers  (Wanstead), 
Busch  (same), 
Brinkley, 
Richardson, 
Henderson  (Sirivs), 
Henderson  («  Cetit.), 
Maclear  («  Cent.), 
Maclear  (j3  Cent.), 
Main, 
Downing, 
Thackeray, 

Mean, 


20.43 

2 

INCES. 

20.52 

+ 

.38 

i 

.46 

i 

- 

0 

.37 

i 

.50 

1 

.41 

0 

.52 

i 

.53 

i 

.59 

i 

.34 

i 

.38 

1 

.49 

1 

20.46 
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Right- Ascensions. 


Aberr'n 

Wt. 

Bessel  (Bradley), 
Peters  (Dorpat,  6  St.), 
Peters  (Dorpat,  Pol), 
Lindenau, 

20.70 
.36 
.42 
.45 

1 
i 

Newcomb  (Wash.), 
Newcomb  (Greenw.), 

.55 
.39 

1 
1 

Thackeray, 

.42 

1 

Mean, 

20.45 

0 

Whence  we  get  the  following  summary  of  these  excluded 
determinations  : 

No.  Det.      Aberrn  Wt. 

Talcotfs  Method,                           2         20^44  1 

Prime-vertical  transits,                  2              .43  2 

Meridian  Zenith-Distances,         13             .46  5 

Right-ascensions,                            7             .45  5 

General  mean,                       24         20.450  13 
The  brute  mean  of  the  24  values  is       20.457 

Combining  this  result  with  the  one  previously  found  from 
forty-three  accepted  determinations  we  find: 

No.  Det.     Aberr'n  Wt. 

Mean  from  accepted  values,         43         20.521  208 

Mean  from  rejected  values,           24             .450  13 

General  mean,                         67         20.517  221 


It  thus  appears  that  without  excluding  any  of  the  data 
we  should  have  a  value  (20".517)  only  0".04  smaller  than 
the  one  (20".521)  which  has  been  derived  as  the  definitive 
result  of  this  investigation,  by  the  exercise  of  a  critical 
choice  which  it  seems  to  me  is  demanded  by  the  circum- 
stances for  the  purpose  of  arriving  at  the  most  acceptable 
result.  And  here  again  it  will  be  manifest  upon  trial  that 
wide  differences  of  opinion  as  to  weights  can  be  allowed 
full  play  without  significant  influence  on  the  conclu- 
sion. 

From  the  best  point  of  view  I  can  compass,  it  seems 
to  me  that  we  are  driven  by  the  facts  either  to  20".52 
if  a  rounded  decimal  is  preferred  for  a  conventional 
value  of  this  constant,  or  to  something  slightly  above 
it,  if  for  any  reason  it  is  deemed  that  any  slight  practical 
advantage,  or  a  possible  approach  to  accuracy,  is  gained  by 
splitting  the  hundredth. 

The  reduction  to  such  a  value  of  the  aberration-constant 
can  be  effected  by  the  addition  of  0.0016  to  the  values  of 
log  C  and  log  D,  or  of  log  h  and  log  ),  in  the  ephemerides 
where  Struve's  constant  (20".445)  is  employed  in  the 
tables  for  reduction  to  apparent  place;  or  of  0.0011  in 
those  where  the  value  of  the  Paris  Conference  of  1896 
(20".47)  is  the  basis. 


NOTES   ON  SOME   RECENTLY  DISCOVERED   YARIABI^   STARS, 

By  a.  STANLEY  WILLIAMS. 


The  observations  upon  which  the  following  notes  are 
based  were  chiefly  made  with  a  6-i-ineh  reflector,  though 
occasionally  a  25-inch  refractor  was  used.  The  results  are 
necessarily  at  present  of  a  somewhat  provisional  character, 
though  as  the  observations  have  been  carefully  reduced  it 
is  not  probable  that  anj^  material  alteration  will  have  to  be 
made  in  the  stated  times  of  maxima  and  minima.  Light- 
scales  were  formed  for  most  of  the  variables,  either  by 
means  of  the  comparisons  between  the  variable  and  the 
comparison-stars,  or  by  means  of  sequences  of  steps  speci- 
ally made  for  that  purpose.  It  should  be  added  that  cloud 
and  fog  have  been  abnormally  prevalent  during  the  past 
year,  rendering  it  diflicult  to  secure  satisfactory  and  un- 
interrupted series  of  observations  of  Algol-tyye  or  very 
rapid  variables. 

562.  Y  Andromedae. 
The  following  are  approximate  photographic  magnitudes 
of  this  star.  1899  Nov.  10,  not  visible,  <  11  ".5  ;  1900  Dec. 
19,  not  visible,  <  12'' ;  Dec.  21,  not  visible,  <  12"  ;  1901  Jan. 
15,  not  visible,  <  12"  ;  Dec.  10,  10";  Dee.  18,  10";  1902 
Jan.  30,  11^". 


1205.      Y  Pfrsei. 
Observations  on  45  nights  between   1901  JIar.  12  and 
1902  Dec.  2  yield  the  following  maxima  and  minima : 

Date  J.D.  Mag. 

Maximum         1901  April  15         241 5490         8.8 


Minimum 
Maximum 
Minimum 
^Maximum 


Aug. 

Dec.     21 

1902  April  23 

Sept.    12 


5625  9.6 

5740  8.7 

5863  9.8 

6005  8.3 


Dr.  Haktwig  in  1901  found  the  period  to  be  236  days, 
but  one  slightly  longer  than  this  (251  days)  better  satis- 
fies the  above  observations.  The  light  variations  are,  how- 
ever, by  no  means  quite  regular,  and  there  are  considerable 
differences  in  the  form  of  the  light-curve  at  different 
maxima.  Thus,  the  curves  of  the  first  two  maxima  are 
rather  flat,  particularly  that  of  the  second  one,  whilst  that 
of  the  third  is  comparatively  sharply  accentuated.  The 
magnitudes  given  above  are  practically  according  to  the 
scale  of  Hagen's  Second  Chart  and  Catalogue  for  observing 
Nova  Persei,  but  it  should  be  mentioned  that  red  stars 
usually  appear  decidedly  fainter  to  me  than  they  do  to 
most  observers,  particularly  as  regards  observations  made 
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with  the  2|-incli  refractor.  The  first  two  maxima  and 
the  two  minima  were  observed  witli  this  instrument,  and 
the  third  ma.ximum  with  the  G^-inch  reflector.  Several 
ol)servers  liavo  publislied  observations  made  about  the 
time  of  the  first  maximum,  according  to  wliich  the  star 
must  then  have  been  about  8". 3.  That  is  half  a  magnitude 
brighter  than  my  observations' make  it.  On  four  nights  in 
l!)01  both  photographic  and  visual  observations  were  made, 
the  differences,  visual  —  pliotographic,  being  —1.8,  — 1.8, 
—  1.5  and  —1.4.  The  mean  difference  is  — 1".6,  and  the 
photographic  observations  published  in  the  A.N.  3698  agree 
very  well  with  the  later  visual  ones  made  with  the  2J-inch 
refractor  when  corrected  by  this  amount ;  though  in  order 
to  make  them  comparable  with  the  reflector  observations, 
and  those  of  most  other  observers,  the  correction  should  be 
a  full  two  magnitudes. 

6685.  F  Lijrae. 
Four  good  series  of  observations  of  this  rapid  variable 
were  secured  in  1902.  Below  will  be  found  the  observed 
heliocentric  Greenwich  mean  times  of  maximum,  and  the 
like  observed  times  of  T^.  The  times  T^  are  the  times 
when  the  variable  in  its  rapid  rise  from  minimum  attains 
to  equality  with  the  comparison-star  1  (12". 1)*.  The  com- 
puted times  according  to  the  elements  in  the  Monthly 
Notices,  Vol.  62,  p.  208,  have  been  added  for  the  purpose 
of  comparison,  together  with  the  resulting  residuals.  The 
latter  are  not  large,  and  it  hardly  seems  necessary  at  present 
to  attempt  any  revision  of  the  elements. 


Date 
1902  June    2 

Computed 
11     5.9 

Observed 
11  15.7 

C  — 0 

-  9.8 

Aug.  22 

9  29.0 

9  32.2 

-  3.2t 

Sept.    7 

11  32.8 

11  50.6 

-17.8 

8 

11  40.6 

11  53.5 

-12.9 

Date 

Computed 

Observed 

C-0 

maximiun 

maximum 

1902  June    2 

12     5.9 

12     9.7 

-  3.8 

Aug.  22 

10  29.0 

10  44.2 

-15.2 

Sept.    7 

12  32.8 

12  44.6 

-11.8 

8 

12  40.6 

12  52.5 

-11.9 

6816.     Z  Lyrae. 
In  1901  observations  were  made  on  29  nights  between 
May  21  and  Oct.  6,  and  these  indicate  a  pretty  well  defined 
maximum  for  July  1,  mag.  =  9.4  (equal  to  DM.  +34°3385). 

*See  the  diagram  in  the  Monthly  Notices,  Vol.  62,  p.  201,  and  in 
Popxtlar  Astronomy,  1902,  p.  216.  Dr.  Hartwig  has  published  the 
times  of  several  maxima  of  this  star  observed  by  him  in  1901  in  the 
Vierteljahrsschrlft  der  Astr.  Gesell.,  Jahrgang  36,  p.  268.  They 
were  received  too  late  for  inclusion  in  the  writer's  discussion  of  the 
observations  of  this  star. 

t  On  August  22  the  comparison-star  1  was  very  faint,  and  some- 
times even  invisible  owing  to  moonlight,  so  that  the  time  of  r„  could 
not  be  satisfactorily  observed. 


Hartwig,  from  his  own  observations,  makes  it  June  20 
(see  A.N.  3744,  col.  370).  In  1902  the  star's  brightness 
decreased  from  11". 2  on  May  27  to  invisibility  in  a  6i-inch 
reflector  (or  below  about  13")  after  July  25.  The  star  was 
re-observed  on  Oct.  26,  mag.  =  12.3.  By  means  of  the 
light-curve  of  1901  the  date  of  maximum  may  be  fixed  for 
1902  April  7  ± .  Some  photographic  observations  of  1 900 
and  1899  were  published  in  the  A.N.  3671.  Those  for 
1900,  with  the  help  of  the  visual  light-curve  of  1901,  fix 
the  time  of  maximum  pretty  exactly  for  1900  Sept.  2.  The 
last  two  observations  of  1899,  with  the  help  of  the  visual 
light-curve  of  1901  and  the  photographic  light-curve  of 
1900,  indicate  a  maximum  for  1899  Nov.  21  ±,  on  the  as- 
sumption that  this  occurred  between  two  observations*. 
Taking  the  mean  of  Haktwig's  and  my  own  determinations 
for  1901,  we  have  the  following  four  observed  maxima  : 

Date  J.D.     C  — O 

1899  Nov.  21  ±  241  4980  ±  +2*' 

1900  Sept.  2      5265  +7 

1901  June  26      5562  0 

1902  Apr.  17 ±     5847 ±  +5 

These  yield  the  following  approximate  elements  of  vari- 
ation : 

Maximum  =  J.D.  241  5562  +  290"  E. 

The  last  column  above  contains  the  residuals  according 
to  these  elements. 

6827.  ET  Lyrae. 
The  star  rose  from  12".5  on  1902  May  24  to  a  sharply 
defined  maximum  (9". 8)  on  July  22,  and  then  almost  im- 
mediately declined  rapidly  and  steadily  to  12". 7  on  Sept. 
25.  Observations  were  made  on  16  nights  between  the 
above  limiting  dates.  Some  earlier  photographic  observa- 
tions were  published  in  the  A.N.  3783.  Those  made  in 
1901  indicate  a  maximum  about  Nov.  11,  but  there  is  a 
good  deal  of  uncertainty  as  to  the  exact  date.  The  inter- 
val between  the  two  maxima  is  253  days ;  and  assuming 
this  to  be  period,  maxima  should  have  occurred  on  1901 
Mar.  3,  1900  June  23  and  1899  Oct.  13.  The  invisibility 
of  the  star  on  the  photographs  taken  between  1900  Sept.  2 
and  Nov.  22  is  in  accordance  with  the  first  two  maxima,  but 
its  faiutness  (12".08)  on  the  plate  of  1899  Sept.  28  shows 
that  this  period  cannot  be  quite  correct,  since  the  computed 
maximum  occurs  only  15  days  later.  It  is  uncertain  at 
present  whether  the  period  of  253  days  is  a  little  too  short, 


» The  first  two  observations  of  1899  (Sept.  2  and  22)  should  be 
struck  out.  The  plate  of  Sept.  2  is  a  trial  one  before  the  instru- 
ment was  in  adjustment,  and  the  star  images  being  drawn  out  into 
long  trails  it  is  difficult  to  identify  the  fainter  stars,  and  it  is  doubt- 
ful if  a  faint  trace  is  really  due  to  this  star.  The  plate  of  Sept.  22  is 
a  poor  one,  and  here  also  it  is  doubtful  whether  a  faint  mark  is 
really  due  to  the  star. 
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or  a  little  too  long,  though  the  probability  is  that  it  is  too 
long.     The  next  niasimum  should  occur  about  1903  Apr.  1. 

6895.  R  U  Lyrae. 
This  star  rose  from  12". 7  on  1902  May  27  to  a  sharply 
defined  maximum  (mag.  =  9.9)  on  Aug.  21,  and  by  Sept.  25 
it  had  declined  to  11". 3.  Observations  were  made  on  14 
nights  between  the  above  limiting  dates.  Some  earlier 
photographic  observations  were  published  in  the  A.N.  3796, 
and  from  these  it  was  inferred  that  the  period  is  almost 
exactly  equal  to  a  year,  and  that  the  next  maximum  would 
probably  occur  in  August  of  the  present  year,  as  has  actu- 
ally happened.  The  period  cannot  be  stated  with  greater 
exactness  at  present. 

6915.     RV  Lyrae. 
The  following  minimum  of  this  J/jroZ-variable  has  been 
observed  and  is  in  addition  to  those  already  published  in 
the  A.N.  3811. 

1902  Sept.  3  ll"-  42"' 
Twelve  observations  were  obtained  between  8''  44™  and 
14'"  18"",  but  cloud  interfered  a  good  deal  after  ll*",  though 
the  above  result  is  on  the  whole  a  fairly  satisfactory  one. 
The  observation  is  not  reduced  to  the  sun.  The  computed 
time  from  the  elements  in  the  A.N.  3811  is  ll""  36"". 

6927.      U  Sagittae. 

The  undermentioned  minima  of  this  Alyol-sta.v  have  been 
observed,  but  the  times  are  somewhat  provisional,  as  owing 
to  the  unfavorable  weather  the  observations  are  not  suffi- 
cient to  give  a  very  satisfactory  light  curve.  The  helio- 
centric times  of  minimum  according  to  Ebell's  ephemeris 
in  A.N.  3771  have  been  added  for  comparison  with  the 
differences  0  —  C.  The  observed  times  are  not,  however, 
reduced  to  the  sun. 

Epoch  Date  Observed       Computed    O  —  C 

87  1902  Aug.  22  9*"    3  9"  28""  -25'" 

90  Sept.    1  12  33  12  53  -20 

92  8  6  56  7     9  -13 

95  18  10  20  10  34  -14 

Note.i.  E.  87,  12  observations  between  S*"  29"'  and  ll"- 
14"°.  E.  90,  9  observations  between  8''  27"'  and  11''  3". 
E.  92,  7  observations  between  8''  11""  and  10"  23"".  E.  9.5, 
11  observations  between  8''  43™  and  IP  52"". 

The  star  remains  stationary  at  minimum  for  about  2'' 
10™.  Normally  the  variable  is  a  white  star,  but  during 
the  stationary  period  at  minimum,  and  for  a  few  minutes 
before  and  after,  it  is  of  a  decided  reddish  color. 

7019.  TY  Cygni. 
In  1901  the  star  rose  from  12"  on  Aug.  6  to  a  sharply 
iefiued  maximum  on  Nov.  11  (mag.  =  9^).  In  1902  the 
star  rose  from  12^"  on  July  7  to  a  well  defined  maximum 
on  Oct.  27  (mag.  =  9).  Three  earlier  photographic  obser- 
vations were  published  in  the  A.N.  3687.     With  the  help  of 


the  visual  light-curve  these  observations  indicate  a  maxi- 
mum for  1900  Nov.  22.  From  these  three  maxima  the  fol- 
lowing elements  have  been  derived  : 

Maximum  =  J.D.  2416051  +  352''  E 
The  star  is  not  visible  on  a  photograph  taken  by 
Prof.  Max  Wolf  on  the  nights  of  Sept.  25  and  30,  1891 
(exp.  =  12''),  and  it  cannot  therefore  have  been  photograph- 
ically so  bright  as  14".  According  to  the  elements  the 
star  should  have  been  almost  exactly  at  minimum  then,  so 
that  the  invisibility  of  the  star  on  this  photograph  is  just 
what  might  be  expected. 

7318.  VW  Cygni. 
The  observations  of  the  undermentioned  minima  of  this 
^4/^oZ-variable  were  all  more  or  less  hindered  by  cloud  or 
other  causes.  The  last  minimum  is  the  only  one  at  all 
properly  observed  during  both  the  decreasing  and  increas- 
ing phases.  The  times,  which  are  geocentric  Greenwich 
mean  times,  have  been  derived  by  means  of  a  provisional 
light-curve  based  on  three  minima  observed  last  year. 

Date  Minimum  Quality 

(a)  1902  July  18     lo"  I2""       Fair. 

(b)  Aug.  25       9  22.7      Unsatisfactory. 

(c)  Sept.    1       6  50        Somewhat  approximate. 

(d)  18     12  56        Approximate. 

(e)  25     10  32        Pretty  good. 

Notes,  (a)  15  observations  between  lO""  48™  and  14''  35™. 
(b)  9  observations  between  S"*  18™  and  13''  15™,  much  hin- 
dered by  cloud,  (c)  10  observations  between  S""  18™  and 
13''  15™.  (d)  9  observations  between  8''  50™  and  11''  21™. 
The  decrease  could  not  be  followed  further  owing  to  the 
brightness  of  the  moon,  (e)  17  observations  between  8'' 
31™  and  12''  5™ ;  hazy  between  10''  27™  and  ll"-  50™. 

7505.  UX  Cygnl, 
This  star  has  been  invisible  in  the  6^-inch  reflector,  and 
consequently  fainter  than  about  12i",  between  1902  July 
11  and  Nov.  17.  Some  photographic  observations  were 
published  in  the  A.N.  3752,  and  to  these  may  be  added  the 
following  :  — 1901  Nov.  15,  mag.  =  10.98.  The  observa- 
tions of  1901  indicate  a  fairly  definite  maximum  for  1901 
Oct.  23  ;  photographic  mag.  =  9.7.  It  is  ditficult  at  pres- 
ent  to  come  to  a  satisfactory  conclusion  respecting  the 
period  of  variation,  though  this  is  evidently  long  and  the 
range  of  variation  considerable. 

7571(1.  TW  Cygni. 
Observations  on  22  nights  in  1901  indicate  a  well 
defined  though  somewhat  flat  maximum  on  Sept.  1.  The 
star  rose  from  12". 0  on  May  24  to  S".S  at  maximum,  and  by 
Nov.  3  had  declined  to  11".0.  In  1902  observations  on  9 
nights  show  a  very  definite  maximum  for  Aug.  15,  mag.  = 
9.6.     Dr.  Hartwig,   in    1901,    suggested   a   period  of   8^ 
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months  (see  A.N.  3744),  but  this  is  evidently,  however, 
somewhat  longer.  The  photographic  magnitude  is  9.85  on 
two  pliotographs  taken  on  Oct.  G  .and  9, 1899.  Comparison 
of  the  brightness  of  the  star  upon  three  plates  taken  on 
three  separate  nights  with  corresponding  visual  observa- 
tions, gives  —1.5,  — l.C  and  —1.1  as  the  correction  to  the 
photographic  magnitudes  in  order  to  reduce  them  to  the 
visual  ones.  Means  =  — 1''.4.  Applying  this  correction 
to  the  above  mentioned  observations  of  1899,  we  get  8". 45 
as  the  photographic  reduced  to  the  visual  brightness,  so 
that  the  star  was  probably  at  or  very  near  a  maximum 
20  Hove  Park  Villas,  I  love,  1902  Dec.  20. 


on  1899  Oct.  7.     The  following  elements  satisfactorily  sat- 
isfy the  observations. 

Maximum  =  J.D.  2415977  +  347"  E. 
It  is  noteworthy  that  there  seems  to  have  been  a  pro- 
gressive diminution  in  the  brightness  of  the  star  at  max- 
imum. 

8G10.     Z  Fegasi. 

The  following  are  the  approximate  photographic  magni- 
tudes of  this  variable.  1899  Nov.  6  and  10  not  visible, 
<12"  ;  Nov.  29,  <11"  ;  1900  Nov.  18,  <12'' ;  Nov.  22, 
<11*«  ;  Dec.  13,  <10i"  ;  Dec.  15,  11^"  ;  1901  Jan.  14,  10". 


ON   THE   YARIABTLITY  .OF  DM.  — 1°1182, 

By  ZACCHEUS   DANIEL. 


The  star  DM.  — 1°1182,  9>'.3,  occurs  in  the  list  of  sus- 
pected variables  at  the  end  of  Chandler's  Third  Catalogue 
of  Variable  Stars  {A.J.  379)  where  it  has  the  number  (2235), 
and  the  observed  range  is  given  as  8"  to  9". 3. 

This  star  was  observed  nine  times  at  Harvard  College 
Observatory  with  the  Meridian  Photometer  during  the  years 
1886  to  1888.  Of  tliese  observations,  seven  by  Professor 
E.  C.  PiCKEKiNG,  from  1886  Feb.  16  to  1888  Feb.  28,  yield 
a  mean  magnitude  of  8.96.  The  mean  deviation  of  each 
observation  from  this  result  is  0»M9,  and  the  observed 
range  is  0".8.  One  observation  by  Pickeking  on  1886 
Jan.  10,  and  one  by  Wendell  on  1886  Jan.  26,  which  are 
not  included  in  the  mean,  both  give  a  residual  of  —  0".8 
from  8". 96.  This  makes  a  total  observed  range  of  1".2,  or 
from  8".16  to  g-.SG. 

These  results  are  extracted  from  H.  C.  0.  Annals,  A^olumes 
23  and  24,  where  the  star  is  designated  M.P.  821. 

I  observed  this  star  with  the  10-inch  Clark  equatorial  on 
Bucknell  University,  Lewisburcj,  Penna.,  1902  Dec.  27. 


four  dates  in  1901,  from  Jan.  19  to  April  16,  and  on  four- 
teen dates  in  1902,  from  Jan.  3  to  May  8.  The  mean  result 
of  the  eighteen  observations  is  9". 16.  The  mean  deviation 
of  each  observation  from  this  value  is  0".05.  The  brightest 
observation  is  9". 07  ;  the  faintest  is  9". 31,  which  make  an 
observed  range  of  0".24. 

All  my  observations  agree  in  affording  no  evidence  of 
variability.  They  are  very  accordant,  and  show  no  marked 
fluctuation. 

The  following  are  my  comparison-stars.  The  magnitudes 
are  the  result  of  thirtj'-eight  separate  comparisons,  and  are 
adjusted  closely  to  the  DM.  scale. 


Star 

a  = 
b  = 

d  = 


DM. 


)esig. 

DM. 

D 

Grades 

-1°1160 

8.3 

8.33 

0.0 

-1°1170 

9.3 

8.93 

6.0 

-1°1185 

9.0 

9.21 

8.8 

-1°1177 

9.5 

9.61 

12.8 

OBSERVATION   OF   COMET  A  1902  {giacobini), 

By  E.  E.  BARNARD. 
1902    90°  time  if.       Comp.  Ja  J8  App.  a  A  pp.  8  logpA 


Dec.  30 


11  11  41 
11  26  28 
11  36  51 


3 

18 

3 


*  a  1902 

1    I    7'3'°5!l 


+  0  23.14 


8  1902 
f3°40'. 


-4  22.5 
-4     6.0 


7  3  33.1 


+  3  36.0 
+  3  36.3 


w9.049 


0.747 


0.745 


Red.  to  app.  place 
a  8 


5.01 


-16.5 


Autliority 
DM.  +3°1563* 


The  position  w..s  measured  with  the  large  telescope.  The  comet 
was  about  12«,  with  elongated  brightening  at  middle.  There  was  a 
slight  brushing  out  of  the  nebulosity  following. 

This  object  was  observed  on  Dec.  3,  with  the  12-inch,  but  as  there 


is  no  micrometer  to  that  instrument,  an  accurate  position  could  not 
be  obtained.  No  other  opportunity  has  offered  to  observe  it  with 
the  large  telescope.  The  catalogues  here  do  not  contain  an  accurate 
place  of  the  comparison-star.* 

*  This  star  is  Albany  A.G.  2635  ;    a  =  T""  S""  13«.20    ,     8  = +3°  40' 39".  1  (1902.0). —  Ed. 

Terkes  Observatory,   Williams  Bay,   Wis.,  1903  June  3. 
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OBSERVATIONS  OF    VARIABLE   STARS  OF  L0:N^G  PERIOD, 

By  W.  C.  BKEXKE. 


The  followiug  observations  were  made  by  the  method  of 
sequences  with  the  aid  of  the  twelve-inch  refractor  of  the 
University  of  Illinois  Observatory.  The  comparison-stars 
have  been  those  of  Hagen's  "Atlas  SteUarum  Variahilum" 
except  a  few  faint  ones  which  were  used  during  times  of 
minima,  and  which  have  been  connected  by  sequence  of 
steps  with  Hagen's  stars,  making  the  scale  of  magnitudes 
uniformly  that  of  the  "Atlas."  The  magnitudes  are  given 
to  two  decimal  places  whenever  two  or  more  accordant 
observations  were  secured,  while  the  first  decimal  only  is 
given  in  cases  of  single  observations,  or  of  the  mean  of 
several  estimates  sufficiently  discordant  to  make  this  deci- 
mal somewhat  uncertain.  The  dates  of  maxima  and  minima 
were  determined  from  curves,  and  the  theoretical  times 
liave  been  added  for  comparison.  Brackets  are  used  to 
indicate  those  dates  which  are  not  well  determined  by  the 
observations.  The  uncertainty  in  these  cases  is  about 
±10". 

Fractions  of  a  day  in  the  observed  dates  indicate  the 
approximate  G..M.T.  of  the  observations. 


.S  Corunae. 


Dati- 

1!)()1  Apr.     S.7 
IT).: 

i.s.e 

I'.KT 
L'r).() 

!.'(■>.: 

M;iv      l.<; 
4.(1 

i;;.7 
i4.(; 

L'O.T 
2,S.G 
o().(i 
June  (■>.(; 
lo.7 
17.7 
2(;.7 


Ma-. 


Date 


I'.IOI   July      l.(i 

8.G 

12.6 

18.7 

19.7 

2r>.(; 
Aug.    r>.6 

14.7 
Sept.  13.7 

21.(5 


1.30 
1.40 


Oct. 


Nov. 
1902  Mar. 


2.6 

4.6 

14.6 

1.6 


.02 


13.7 


Date 

1901  May  30.7 

June    6.6 

13.7 

17.7 

26.7 

July     1.6 

8.6 

12.6 

19.7 

25.6 

Aug.     5.6 

15.6 

*  Bright  moon. 


1901  May 
June 

July 
Au?. 


28.7 
30.7 

6.7 
13.7 
17.7 
26.7 

1.6 

8.6 
12.6 
19.7 
25.6 

5.6 
15.6 


Apr 


8.4 


Date 
1901  May    28.7 
30.7 

June  6.7 
13.7 
17.7 
26.7 

July     1.6 

8.6 

12.6 

19.7 

25.6 

Aug.  5.6 
15.6 


li  Hercidis. 

Mag.  Date 

9.86  1901  Sept.  13.7 

10.05  21.6 
10.67  Oct.  2.6 
10.98  4.6 
11.20  14.6 
11.43  ,  Nov.  1.6 
11.60  1902  Feb.  17.9 
11.57  Mar.  5.9 
12.03  13.8 

♦invisible  .Vpr.      2.7 

12.20  13.7 

12.6  June     5.7 


C  Iferculis. 


10.5 

10.5 

10.45 

1(1.50 

10.70 

10.60 

10.70 

11.03 

10.62 

11.03 

10.67 

11.33 

13.6 

ir 

Mag. 
1 2.02 
11.9 
12.06 
12.1(1 
11.78 
12.0 
11.65 
11.25 
10.95 
11.06 
11.40 
10.08 

9.(t4 


1901  Sept. 
Oct. 


Nov 

1902  Feb. 

Mar 


Apr. 


13.7 
21.6 

2.6 

5.6 
14.6 
15.6 

!.6 
17.9 

5.9 
13.8 

2.9 
13.7 


He  IT  II I  is. 

Date 

'  1901  Sept.  13.7 

21.6 

Oct.      2.(5 

5.6 

14.6 

15.6 

Nov.     1 .6 

1902  Feb.   17.9 

Mar.     5.9 

13.8 

Apr.     2.9 

13.7 

.Tune    .■'■.7 


NO.  2 


Mag. 
invisible 


8.65 
S.Ho 
8.77 
9.5 
9.75 
11.5 


10.07 
10.05 
10.03 
9.70 
9.76 
9.80 
9.40 
7.5-5 
7.6 
8.3 
8.4 
9.2 


Mag. 
8.05 
8.0 


8.1 

8.03 

8.37 
12.2 
12.17 
12.15 
11.9 
11.5 

8.6 
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/'  Co  roll  II  I' 


l'.)()l  A  IIP. 


May 


June 


S.7 
l.j.7 
18.6 
19.7 
24.7 
25.6 
26.7 

1.6 

4.6 
13.7 
14.6 
20.7 
28.6 
30.6 

6.6 
13.7 
17.7 
26.7 


Date 
1901  May  28. 
;50. 

June 


July 


Aua 


6.7 
1.'!.7 
17.7 
'_'().  7 

l.G 

X.() 
12.6 
19.7 
25.6 

5.6 


8.67 

1901  Jiilv 

8.70 

8.87 

8.80 

8.5a 

8.6.3 

8.50 

Aug. 

8.70 

8.5G 

Sept 

8.78 

8.93 

Oct. 

8.6.S 

8.63 

8.68 

Nov. 

8.80 

1902  Feb. 

8.83 

Mar. 

8.86 

8.97 

Apr. 

1.6 

S.6 
12.6 
18.7 
19.7 
25.6 

5.6 
14.7 
13.7 
21.6 

2.6 

4.6 
14.6 

1.6 
18.9 

5.9 
13.7 

•>  7 


S  Herculis 


Mag. 
7.80 
8.15 
8.37 
S.20 
8.37 
8.40 
8.70 
8.57 
8.63 
8.65 
8.55 
8.70 


Date 

1901  Aug.  15.6 
Sept.  13.7 

21.6 

Oct.      2.6 

5.6 

14.6 

15.6 

Nov.    1.6 

1902  Feb.   17.9 
Mar.    5.9 

13.8 
Apr.     2.9 


Mag. 

8.80 

8.93 

9.12 

9.23 

9.32 

9.40 

9.70 

10.;!0 

10.47 

10.47 

1 1 .00 

11.00 

11.34 

12.30 

8.43 

8.35 

8.35 

8.56 


Mag. 

9.00 

10.05 

10.08 

10.4 

10.70 

11.23 

11.53 

12.20 

8.60 

8.37 

8.50 

8.4 


Date 

1901  May  30.7 

June    6.7 

1.3.7 

17.7 

26.7 

1.6 

8.7 

12.6 

19.6 

25.6 

5.6 

15.6 

Sept.  i;!.7 


July 


AuE 


T  Ih.rcil 

Mag. 
1 2.0 
12.0 
11.9 
11.13 
10.50 
10.13 

9.57 

9.33 

9.17 

8.62 

8.23 

8.05 

8.17 


1901  Sept. 
Oct. 


Nov. 


1902  Feb. 
Mar. 


Apr. 
May 


21.(; 

5.6 
14.6 
15.6 

1.6 
18.7 
29.7 
17.9 

5.9 
1 3.8 

3.9 
29.7 


Mag. 

8.76 

9.1 8 

9.25 

9.92 

9.92 

11.16 

11.95 

11.25 

8.17 

8.45 

9.42 

10.3 

9.8 


Maxima  and  Minima. 


Ch.No. 

Star 

Ph. 

Mag. 

Date 

Cal.[Ob.]   Julian  [Ob.] 

Comp'd 

5504 

S  Coronae  Min. 

<12.5 

1901  Dec.   1] 

5720] 

5685 

5675 

V  Coronae   Min. 

<12 

1901NOV.21] 

5710] 

5664 

5770 

R  Hevndh  Mtix. 

8.5 

1902  Feb.  27 

5808 

5798 

5889 

Ulferru/is  Min.  <13.5 

1901  Aug.18 

5615 

5689 

5889 

f///fn-(//;.s-  Max. 

7.5 

1902  Feb.  19 

5800 

5856 

5950 

W Herculis  Max. 

7.5 

1901  Oct.    5 

5663 

5669 

5950 

W Herculis  (Min. 

12.2 

1902  Mar.  1] 

5810] 

5840 

6044 

S Herculis  \Wm.\<\2 

lOOlDec.llI 

5730] 

5734  j 

6512 

T Herculis  iMin.      12.0   1901  June  4 

5540 

5517 

6512  ]  THn-rulh  Max.'      8.0   1901  Aug.28 

5622  j  5595  ; 

6512     T//<'r.'»//.s-  Min.      12.0  1901  Nov.l6 

5705  1  5681 

6512 

T  Herculis 

Max. 

8.0 

1902  Feb.    9 

5785 

5759 

University  of  Illinois  Observatory,  Urbana,  III.,  1902  December. 


^^OTE   ON   THE   SECULAR 


About  thirty  years  ago,  at  the  request  of  Professors 
Coffin  and  Ne\vcomb,  tlie  Smithsonian  examiners,  I  made 
some  computations  to  test  tlie  results  of  Stockwell's 
memoir  on  the  secular  perturbations  of  the  principal  planets 
of  our  solar  sj'stem.  The  numerical  results  proved  to  be 
very  accurately  deduced  from  the  assumed  data.  Stock- 
well  made  calculations  to  show  the  effect  of  changes  in 
the  masses  of  the  planets,  and  his  memoir  contains  form- 
ulas for  this  purpose.  It  appeared  to  me  that  this  might 
be  done  more  directlj^,  and  Levekrier  has  pointed  out  a 
method.  The  arrangement  of  the  planets  is  such  that  the 
equation  of  the  eighth  degree,  whose  roots  furnish  the 
coefficients,  may,  for  the  first  approximation,  be  divided 
into  two  equations  of  the  fourth  degree ;  one  of  these 
equations  belonging  to  the  four  interior  planets,  and  the 
other  to  the  four  exterior  planets.  The  general  biquadratic 
can  be  written, 

;/*  +  I'x  </  +  p-i  r  +  Ps  .'/  +  Pi  =  0. 


PERTURBATIONS   OF   THE   PLANETS,      ' 

By  a.  hall. 

The  values  of  tlie  coefficients  in  terms  of  the  roots  are, 


Pi  =  —  .'/  —  ,'/,  —  .'A  —  .'/., 

Pi  =  +  fn/i  +  !/!h  +  !/!h  +  r/ir/i  +  .'/i.Vr,  +  ;/2'Ji 

J's  =  -  f/difh  —  gU\Oz  —  'J'J-JJz  -  '.h9t',h 

Pi  =  +    .'7.'7l.'/;.'/:i 


Differentiating  these  equations,  and  eliminatinc 
variations  of  //  but  one,  be  have. 


all  the 


kl 


id  -  ffi)  (g  —  <7s)  iff  -  9s) 


This  is  Leverrikr's  result,  but  it  does  not  appear  to  be 
a  good  form  for  computing,  since  small  divisors  may  enter 
the  denominator.  Stockwell's  equations  seem  to  be  safer, 
and  to  test  them  I  have  computed  the  roots  from  the  masses 
adopted  by  G.  W.  Hill  in  his  work  on  secular  perturba- 
tions, and  have  compared  these  values  with  the  roots  found 
by  Hill  for  the  eccentricities  and  j>erihelia. 
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Mercuri/ 

VlillllS 

Eartli 
Mars 

J II I  lit  cr 
Siif.ini 
l^rii  ii,iis 
Neptune 

of    Stoikwell' 


lliirs  '- 

lOoOOOOO 

408000 

328000 

3093500 

1047.355 

3501.6 

L'2869 

19314 


9.729647H 

8.644612m 

9.093603 

9.125356» 

6.699237 

00 

8.949531 
8.441 669?i 


Corr.  to  S. 

+  o"034496 
+  0.040516 
+  0.302467 
+  0.219289 
+  0.020918 
-0.01.".435 
+  0.014177 
+  0.028722 


Root  <) 


+ 


498299 

7.288943 

17.316840 

18.003745 

0.637602 

2.714224 

3.730784 

+  22.489569 


•   5.497704 

7.283189 

17.322014 

18.003942 

(1.634609 

2.707414 


form 

and    by  coinparin 


mass  was    assumed    to  be 
with  Hill's  values  log  jx.  was 


found. 


The  agreement  is  good    except  in  the  last  case,  where 


+  22.418997 

some  error  of  calculation  may  exist.  The  solution  may  be 
completed  by  a  method  like  that  of  Newtox.  We  may,  I 
think,  consider  the  equation  of  the  eiglith  degree  as  dis- 
posed of. 

Goshen,  Conn.,  1902  JVoB.  20. 


SUNSPOT   OBSERVATIONS, 

madk  at  bekwyx,  penn.,  with  a  4i-ixcu  kekkactor, 
By  a.  W.  QUIMBY. 


1902 

Time 

New 

Total 

Fac. 

Def. 

1903 

Time 

New 

Total 

Fac. 

Def. 

1902 

Time 

New 

Total 

Fac. 

Det 

Gr9. 

Grs. 

.Spots. 

Grs. 

Grs. 

Grs. 

Spots. 

Grs. 

Gre. 

Grs. 

ispote. 

Grs. 

July  12 

4 

1 

1 

1 

1 

good 

Oct.      7 

8 

1 

2 

28 

1 

fair 

Oct.    30 

8 

2 

2 

2 

poor 

13 

5 

- 

- 

- 

1 

fair 

8 

8 

- 

2 

24 

- 

poor 

31 

9 

■_ 

- 

- 

2 

poor 

Aug.  16 

4 

1 

1 

2 

1 

fair 

9 

8 

- 

2 

16 

- 

poor 

Nov.    3 

8 

_ 

- 

- 

1 

fair 

17 

8 

1 

1 

- 

fair 

10 

9 

- 

1 

11 

- 

fair 

4 

9 

_ 

- 

- 

1 

fair 

18 

9 

- 

1 

1 

- 

fair 

12 

9 

- 

1 

1 

- 

poor- 

9 

8 

_ 

- 

- 

1 

fair 

19 

8 

- 

1 

1 

- 

good 

13 

7 

- 

1 

1 

- 

poor 

10 

8 

_ 

- 

- 

1 

fair 

Sept.  13 

8 

- 

- 

1 

fair 

14 

8 

- 

1 

1 

- 

poor 

14 

9 

1 

1 

2 

_ 

poor 

14 

8 

- 

- 

- 

1 

fair 

15 

8 

- 

1 

o 

fail' 

15 

10 

2 

3 

11 

3 

fair     \ 

17 

8 

- 

_ 

._ 

1 

fair 

16 

8 

- 

1 

1 

fair 

16 

8 

_ 

3 

4 

3 

poor 

19 

10 

1 

1 

8 

good 

17 

10 

- 

- 

- 

poor 

17 

8 

_ 

2 

_ 

poor 

20 

11 

- 

1 

4 

poor 

18 

9 

- 

- 

- 

fair 

19 

11 

_ 

20 

_ 

poor 

22 

9 

2 

3 

10 

2 

good 

19 

2 

- 

- 

- 

poor 

20 

8 

_ 

26 

_ 

fair 

23 

8 

- 

3 

10 

3 

good 

20 

9 

~ 

- 

- 

jjoor 

21 

8 

_ 

1 

33 

_ 

fair 

24 

7 

- 

2 

14 

2 

poor 

■      21 

8 

1 

1 

1 

fair 

22 

9 

_ 

24 

_ 

fair 

27 

3 

- 

1 

6 

- 

f  ai  r 

22 

8 

- 

- 

- 

fair 

23 

8 

_ 

22 

- 

fair 

28 

5 

- 

1 

4 

- 

poor 

23 

9 

1 

1 

9 

fair 

24 

10 

_ 

IC 

poor 

29 

7 

- 

1 

4 

- 

poor 

24 

10 

1 

o 

41 

fair 

Dec.     9 

3 

_ 

_ 

good 

30 

9 

- 

1 

3 

- 

poor 

25 

8 

- 

2 

30 

poor 

17 

8 

1 

2 

fair 

Oct.     1 

11 

- 

1 

2 

1 

poor 

26 

8 

- 

2 

17 

poor 

18 

9 

_ 

1 

fair 

2 

8 

- 

1 

2 

1 

f  ai  r 

27 

3 

- 

0 

18 

f  ai  r 

20 

12 

_ 

_ 

_ 

good 

3 

8 

- 

1 

1 

1 

fair 

28 

2 

- 

2 

12 

poor 

22 

8 

_ 

_ 

_ 

good  1 

6 

8 

1 

1 

32 

1 

fair 

29 

8 

- 

2 

4 

poor 

Observations  were   made   on    105 
sun  was  iiivisibli-  on  July  30:  Sejrt.  21, 


other  (lays  of 
2.^).  2(;  ;  Oct.  4, 


semester, 
1  :  Nov.  1 


beginning  July  1,  when  neither  spots  nor  faculae  were  seen.     The 
I,  18,  25,  26;  Dec.  11,  21, 


2i». 


riTE   :MISS1\(;    DURCIIMTTSTERrXG    STAR   +;{0  r)8:{. 

Bv  /.\C(  IIKUS    1).vnii:l. 
In  .l.J.  430,   page  179,    Professor    Maky    W.    Whit.nky      never  could  see  any  star  brighter  than  tlie  twelftlr  magni- 


states  that  no  star  was  seen  in  the  position  for  DM.  +30°583 
on  either  1897  Nov.  27,  or  1898  Feb.  28. 

The  Bonner  Stern verzekhniss  gives  the  position, 


=  3"  43'"  i: 


S  =  +30'  4 '.6  (1855); 


and  the  magnitude,  9.5. 

With  a  4-inch  refractor,  1  looked  for  this  star  on  nine 
dates,  fi-om  1898  April  21,  to  1S<)9  .Vpril  5,  inclusive,  but  I 
Bucknell  Uiiherslti/,   Liwislwti,   I'ennii.,   1902  l)e>:  22. 


tude  near  the  given  position,  although  all  other  DM.  stars 
near  were  always  seen  and  identified.  However,  on  1898 
Sept.  12,  I  saw  a  star  of  about  the  twelfth  magnitude  near 
the  place.  I  also  examined  the  region  with  the  lO-inch 
refractor  on  nine  dates,  fiom  1900  Oct.  24,  to  1902  Nov.  19, 
inclusive,  with  the  same  result.  In  good  seeing,  the  10-inch 
telescope  always  showed  the  twelfth-magnitude  star  and 
several  fainter  stars  near  it. 
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QUESTTOXS    KELATrXCx    TO    STELLAR    PARALLAX,    ABERRATION    AND 

KDII^RA'S    PHENOMENON, 


liY  s,  c.  c: 
1.  In  view  of  tlu>  narrow  range  witliin  wliich  it  would 
appear,  from  .(.-/.  al,'!),  that  we  can  now  define  the  constant 
of  aberration,  the  effect  of  stellar  parallax  on  its  determi- 
nation by  the  Ki'st-nkk-Talcott  method  ought  not  to  go 
unexamined.  It  has  hitherto  been  neglected  both  by  myself 
and  others  on  the  presumption  that  it  is  unimportant. 

To  obtain  a  convenient  and  sufficiently  accurate  formula 
for  this  correction  let  us  take  the  expression  for  parallax 
in  declination, 

—  TT  sin  ©(cost  sin  8  sin  «  —  sine  cos  8)  —  ttCos©  sin  8  cos  a 
in  which  the  earth-sun  radius  is  treated  as  constant,  and 
pursue  an  analogous  transformation  to  that  adopted  for  the 
aberration  in  A.J.iiXT  and  r>20.  For  a  pair  of  stars  of 
equal  zenith-distance,  north  and  south,  in  the  same  right- 
ascension,  this  becomes 

(1)  jrcos^(w  sinO-M  sin©  sin«  — singi  cos©  cos(t) 
where  m  =  sine  008(71     ,     n  —  cos c  sing 

Introducing  the  apparent  solar  time  of  observation, 
r  =  «  —  ©,     we  get 

(2)  7rCos^[7?i  sin©  — 71  cos  2' 

—  sintf  (cose — 1)  (^sin2©  sin  T— cos'-©  cos  T)] 

which  is  of  the  same  form  as  eq.  (2)  for  aberration,  A.J.  520. 
For  our  present  purpose  the  term  in  sin()ri(cose— 1)  is 
negligible.  Using  the  subscripts  1  and  2  to  designate 
evening  and  morning  groups  of  observations  we  have,  as 
the  corrections  of  the  latitude  for  error  of  assumed  aber- 
ration and  for  parallax. 

(3) 
d&.cosf,(7i  sin  Ti  —  7n  cos©)+7r  cos^i{m  sin©  — ?i  cos  T^) 

dk.cos^^{ji  sin  T„  —  »i  cos©)  +  7r  cos^C'"  sin©— ?i  cos  7'„) 

We  can  put  without  appreciable  error  in  practice, 

cos  ^,  =  cos  ^2  =  cos^d 

and  the  difference  of  these  expressions  for  observations  on 
the  same  night  is  therefore 

(4)     dk  .  n  cos^j  (sin  T,  —sin  T„)  —irn  cos ^^ (cos  Tj- cos  7;) 

Then,  in  the  determination  of  the  aberration  by  Kl^stner's 
method  from  the  cyclical  sum  of  all  the  group-combinations, 
denoting  the  coeiiicients  of  dk  and  tt  by  A  and  B,  respec- 
tively, and  the  absolute  terms  by  v,  we  have 

V.4  .  <//.■  +  IB  .  TT  +  2V  =  0 

whence  the  aberration-correction 


HAXDLEK. 

But.  since   the  average   time  of  tlie  observations  will  be 
'  about  the  same  for  all  the  group-combinations,  we  have 

-B  _  B 

Ta  ~    ' 


cos  r,  —  cos  T„  1    /  T    ,     7M 

=,-=  -|-tani(7,-t-7„) 


'"^--^~ 


2^ 


I  sin  2',  —  sin  T„ 

consequently,  denoting  by  (/A-'  the  correction  of  the  aber- 
ration-constant as  ordinarily  found  by  neglecting  the  effect 
of  stellar  jjarallax,  the  corrected  value  will  be 

dk  =  dk'  -■irt3,n^{l\+T.,)  (5) 

From  this  it  appears  that  the  correction  for  stellar  paral- 
lax is  zero  when  the  average  apparent  time  of  observation 
is  12'',  i.e.,  when  the  evening  and  morning  groups  are  sym- 
metrically disposed  as  to  apparent  midnight.  This  is  rarely 
practically  the  case.  In  most  of  the  series  for  which  aber- 
ration-determinations by  this  method  are  given  on  p.  3 
of  A.J.  529,  this  average  falls  before  midnight,  and  the 
correction  for  parallax  for  most  of  them  is  therefore  posi- 
tive. Fortunately  the  printed  data  enable  us  to  find  these 
times  approximately  enough  except  for  Strassburg  and 
Hongkong.  They  are  given  in  the  following  table,  where 
the  first  column  suificientlj'  designates  the  respective  series, 
which  are  in  the  same  order  as  in  A.J.  529.  Then  follow 
the  corrections,  by  eq.  (5),  of  the  aberration-determinations, 
expressed  in  terms  of  the  unknown  ir;  and  in  the  last- 
column  their  values  in  arc  on  the  assumption  v  =  0".02. 


r. 

7". 

Correction 

Berlin, 

h 

h 

_ 

4-0.005 

Berlin, 

10.1 

12.8 

+  0.147r 

-h 

.003 

Berlin, 

lO.l 

12.8 

+ 

.14 

+ 

.003 

Karlsruhe, 

8.8 

14.8 

+ 

.05 

+ 

.001 

Prague, 

10.1 

12.8 

-f- 

.14 

-+- 

.003 

Strassburg, 

_ 

- 

- 

- 

San  Francisco, 

11.0 

13.9 

— 

.12 

— 

.002 

Cape  Good  Hope, 

8.3 

16.4 

— 

.09 

— 

.002 

Naples, 

8.5 

14.8 

+ 

.09 

-t- 

.002 

Potsdam, 

9.3 

11.7 

+ 

.41 

-f- 

.008 

Hongkong, 

- 

- 

- 

- 

Leyden, 

9.8 

12.1 

+ 

.28 

+ 

.006 

Kasau, 

10.0 

12.5 

4- 

.19 

-h 

.004 

Kasan, 

9.(1 

12.3 

-1- 

.28 

+ 

.006 

Kasan, 

8.9 

11.6 

-f 

.49 

+ 

.010 

New  York, 

8.5 

14.8 

+ 

.09 

-t- 

.002 

Bethlehem, 

8.8 

14.8 

+ 

.05 

+ 

.001 

Philadelphia. 

8.8 

14.8 

+ 

.05 

+ 

.001 

Int'l  (i  stations. 

10.0 
Weig 

12.0 
hted  mean, 

-t-0.27 

+  0.005 

+  0.14,r 

-f  0.003 

The  assumption  -w  =  0".(i2  is  taken  as  a  sort  of  measure 
of  the  superior  limit  which  could  with  much  probability, 
according  to  accepted  notions,  be  assigned  to  this  element 
for  the  class  of  stars  employed.     Some  astronomers  might 
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be  inclined  to  reduce  the  estimate  to  one-half  this  quantity. 
From  more  than  six  hundred  stars,  actually  used  in  live  of 
the  series,  I  find  the  average  proper  motion  in  declination 
to  be  about  0".05,  or  in  arc  of  a  great  circle,  total  motion 
nearly  0".08 ;  reduced  to  Boss's  system  about  0".09.  The 
average  magnitude  is  about  the  sixth.  Kaptetn's  formulas 
would  give  for  this  case  tt  =  0".017.  Prof.  Boss,  whom  I 
consulted  on  the  matter,  is  in  favor  of  a  decidedly  lower 
Talue.  The  value  0".020  seems  a  fair  estimate  considered 
as  a  superior  limit.  But  the  main  point  is  that  the  cor- 
rection in  question  for  the  value  of  the  aberration  derived 
in  A.J.  529  for  these  twenty-live  series  is  essentially  posi- 
tive, so  that  their  corrected  mean  woidd  be  20". 525  or 
20". 526  instead  of  20".523  as  there  given.  The  general 
mean  from  the  forty-three  accepted  series  would  therefore 
become  20". 523,  and  I  beg  that  this  be  regarded  as  the 
definitive  mean  of  my  investigation  in  that  paper,  corre- 
spondiug  to  the  value  of  the  solar  parallax  S".780,  instead 
of  the  quantities  there  given.  The  change  is  of  course 
trivial,  but,  being  admittedlj'  real,  is  necessary.  So  far  as 
it  goes  it  reinforces  the  likelihood  that  any  rounded  con- 
ventional value  for  this  constant  sliould  be  taken  at  least 
as  high  as  20".52. 

It  may  be  noted  that  the  prime-vertical  and  meridian 
zenith-distance  determinations  given  in  the  paper  require 
no  correction  on  this  account,  since  the  parallax  was  elimi- 
nated or  simultaneously  determined  in  the  solutions. 

2.  The  development  of  the  foregoing  formulas  leads 
naturally  to  the  suggestion  that,  in  tlie  Kustner-Talcott 
method,  we  should  have  a  means  of  finding  the  average 
absolute  parallax  of  a  set  of  stars  observed  in  common  at  a 
belt  of  stations  in  widely  different  longitudes,  such  as  has 
been  contrived  and  is  now  in  successful  operation  for  the 
determination  of  variations  of  latitude.  The  parallax  so 
determined  would  be  independent  of  errors  in  the  star- 
declinations  and  of  the  latitude-variation.  The  high  pre- 
cision to  which  such  observations  have  been  brought,  and 
the  enormous  mass  of  them,  ought  to  make  the  method 
adetpiate  for  this  purpose.  I  have  therefore  had  the  curi- 
osity to  develop  and  apply  it,  in  the  mainmr  luiw  to  be 
shown. 

Taking  the  mean  of  eqiiations  (3)  we  have 

A.dk  +  Hit  =  nh  COS  (  \_ilh  (sin  '1\  +  sin  T„)  —  7r(cos  T^  +  cos  7'„)] 
—  Ill  cos  i,  [ilk  .  cos  O  —  TT  sin  O] 

Now,  with  observations  symmetrically  disposed  as  to 
apparent  midnight,  the  term  in  sin  T  will  disappear  from 
the  mean  observed  on  a  given  night ;  also  the  mean  latitude 
for  each  station,  deduced  from  a  year's  observations,  will 
be  affected  by  the  constant  value  of  the  term  in  cos  7';  so 
that  tlie  variations  of  latitude  at  a  station  in  longitude  \ 
(reckoned  positive  west  from  <  iroeiiwicln.  ;is  foiuid  in  the 


ordinary  manner  by  subtracting  this  mean  latitude  from 
the  observed  values,  may  be  expressed  by 

()r  —  cf^  =  r  sin  k—  y  cos  A.  +  2  (~) 

where  I  have  put 

.-;  =  ?«  cos^(rf/; .  COS©  — 7r  sinQj  (8; 

and  the  rectangular  coordinates  are  reckoned,  +//  towards 
Greenwich,   +.r  towards  90°  east. 

The  values  of  x,  y,  z,  can  be  determinately  found  from  a 
belt  of  stations  such  as  that  of  the  International  latitude- 
series  for  each  date  or  group  of  dates.  Then  we  maj'  find 
dk  and  tt  from  the  equations  of  condition 

m  cos  ^  cos  Q  .dk  —  ni  cos  f  sin  Q  .  ir  =  z  (9) 

We  therefore  arrive  at  the  curious  result  that  the  quan- 
tity z  is  nothing  more  than  the  empirical  term,  independent 
of  the  longitude  of  the  station  and  varying  with  the  time 
of  year,  which  Kimuka  has  discovered  and  announced 
in  A.J.  517,  and  which  has  been  confirmed  hy  Albrecht 
by  means  of  the  International  latitude-series.  It  indubi- 
tably appears  in  the  results  for  both  1900  and  1901. 

Consequently,  if  the  effect  of  stellar  parallax  furnishes 
the  true  explanation  of  this  empirical  term,  we  can  find 
the  value  of  tt,  or  the  average  parallax  of  the  observed 
stars,  by  introducing  the  values  of  z  given  by  Kimura  and 
Albrecht  as  the  absolute  terms  of  equation  (9).  For  the 
series  1900-1901  we  take  from  A.N.  3808, 


\  AI.L'KS 

OK    .V. 

1S9S) 

utoo 

1001 

1902 

Mean 

Computed 

o'o 

_ 

+  .028 

+  .062 

+  .044 

+  .045 

+  .043 

.1 

- 

+  .021 

+  .055 

- 

+  .038 

+  .036 

2 

_ 

+  .008 

+  .022 

_ 

+  .015 

+  .017 

.3 

_ 

-.014 

-.005 

_ 

-.009 

-.008 

.4 

- 

-.029 

-.026 

_ 

-.028 

-.028 

.5 

- 

-.033 

-.036 

_ 

-.034 

-.037 

.6 

- 

-.025 

-.032 

- 

-.029 

-.030 

7 

- 

-.008 

-.016 

_ 

-.012 

-.011 

.8 

- 

+  .019 

+  .007 

_ 

+  .013 

+  .014 

0.9 

+  .031 

+  .047 

+  .025 

- 

+  .034 

+  .034 

For  the  coefiicients  in  eq.  (9)  we  take  cos^  =  0.98,  and 
ni  =  0.309  (qri  =  39°  8');  whence  the  observation-equations 
following,  where  «■  is  an  arbitrary  constant  to  reduce  the 
residual  sum  to  zero,  and  the  absolute  terms  are  the  mean 
observed  values  in  the  above  table  of  z. 


+  .053  ,/ 

/,■   +.298 

IT    ^ 

+  .045 

+  .218 

+  .213 

= 

+  .038 

+  .300 

+  .042 

= 

+  .015 

+  .'-'68 

-.142 

= 

-.009 

+  .133 

-.273 

= 

-.028 

-.058 

-.298 

=: 

-.034 

-.218 

-.213 

= 

-.029 

-.300 

-.042 

= 

-.012 

-.268 

+  .142 

= 

+  .013 

-.133 

+  .273 

= 

+  .(•34 
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The  solution  by  equal  weights  gives 

w  =   -)-0".00.S     ,     dh-  =  +0".02S     ,     TT  =  +0".1'_'8 

from  which  we  liave  the  computed  values  in  the  last  colunin 
of  the  table  of  z.  The  extraordinary  accordance  with  the 
observed  mean  values  must  be  largely  fortuitous.  If  the 
result  for  parallax  were  reasonable  this  close  agreement 
might  be  taken  as  an  index  of  the  efficiency  of  this  method 
of  finding  parallax. 

A  similar  computation  for  the  data  given  by  Kimuka 
for  the  other  series  in  A.J.  517  gives  us  four  other  values 
of  TT,  so  tliat  we  have 


1891-92 

:r  =    +( 

.06 

95-96 

+ 

.02 

96-97 

+ 

.08 

98-99 

+ 

.14 

1900-01 

■+■ 

.13 

Mean       tt  =  +0.086 

Now,  it  must  be  at  once  admitted  that  such  parallaxes 
as  these,  for  stars  of  the  sixth  magnitude  and  average 
proper  motion  of  about  0".08  or  0".09,  are  inadmissible, 
according  to  orthodox  notions.  They  are  in  fiat  contra- 
diction of  the  inferences  from  the  relations,  apparently 
demonstrated  by  Stumpe  and  Boss,  between  stellar  proper 
motion  and  solar  parallactic  motion,  taken  in  connection 
with  the  spectroscopic  measurements  of  the  sun's  linear 
velocity.  Kapteyn's  formulas  would  give  for  these  stars 
an  average  parallax  of  not  over  0".017. 

If  we  abandon  the  idea  of  a.scribing  more  than  a  moder- 
ate portion  of  Ki.mura's  phenomenon  to  the  effect  of  stellar 
parallax  we  must  seek  the  cause  elsewhere  for  the  principal 
part. 

Let  us  see  whether  the  observed  phenomenon  will  corre- 
spond with  a  parallactic  effect  of  another  kind,  namely,  in 
a  change  of  direction  in  our  line  of  reference.  Take  the 
hypothesis  that  I  have  suggested  in  A.J.  524,  that  the 
earth's  center  of  gravity  may  possibly  be  subject  to  an 
annual  vibration  along  the  line  of  the  terrestrial  axis. 
This  does  not  seem  to  me  intrinsically  absurd.  Let  h  be 
the  linear  semi-amplitude,  expressed  in  feet,  of  such  a 
vibration,  and  H  the  sun's  longitude  on  the  date  corre- 
sponding to  its  southernmost  point.  The  effect  on  meas- 
ured latitudes  will  be  the  same  for  all  longitudes,  and 
will  be 

(10)  T  — "ifo  ~        .^  ^„  cosr;  cos(0  — //) 


where 


p  sin  1" 


p  sin  1" 
0".01 


Solving  for  the  constant  w,  and  for  h  and  //,  using  the 
observed  values  of  z  in  the  table  we  find 

w  =  +0".003    ,     h  =  5.1  ft.    ,     H  =  282°.6  (January  2) 


the  substitution  of  which  gives  us  the  same  computed 
values  in  the  last  column  of  the  «-table  as  before.  By  this 
liyi)othesis  then  there  would  be  an  oscillation  of  five  feet 
from  a  mean  position,  the  southernmost  and  northernmost 
points  being  reached  on  January  2  and  July  2,  respec- 
tively. 

It  is  to  be  remarked  that,  as  I  have  shown,  stellar 
parallax  is  legitimately  responsible  for  a  part  of  the  ob- 
served effect,  so  that  the  above  numerical  value  of  the 
linear  semi-amplitude  of  the  hypothetical  oscillation 
would  be  correspondingly  reduced,  say  to  three  or  four 
feet. 

Numerically,  therefore,  this  hypothesis  fits  the  facts,  and 
on  that  account  merely  is  perhaps  worth  suggesting  for 
examination  ;  but  I  presume  that  the  required  amount  of 
shift  is  so  great  as  to  make  the  supposition  unacceptable, 
as  an  explanation  of  the  phenomenon.  Remains,  the 
possibility  of  anomalous  refraction,  already  suggested  by 
Albkecht  ;  but  this,  by  its  nature,  cannot  be  intelligibly 
formulated  and  tested  at  present.  So  as  to  the  remote  pos- 
sibility that  there  is  still  lurking  a  weakness  in  the  joints 
of  the  star-group  combinations,  not  protected  against  by 
the  existing  scheme  of  observation.  What  seems  to  me 
certain  is  the  desirability  of  enlarging  and  varying  this 
program  to  meet  and  solve  if  possible  this  unforeseen 
dilemma.  To  dismiss  it  on  the  assumption  that  it  is 
merely  some  form  of  purely  subjective  error  for  which  no 
imaginable  cause  can  be  assigned  would  be  to  repeat  a  mis- 
take that  has  confused  some  other  astronomical  questions 
at  issue  within  recent  memory. 

There  are  three  things  that  can  be  done,  all  of  them,  un- 
fortunately, expensive  and  laborious.  First,  establishment 
of  new  equatorial  and  high  northerly  and  southerlj-  sta- 
tions, either  singly  or  in  belts.  Secondly  and  more  feasibly 
accomplished,  provision  in  the  existing  belt  and  at  the 
same  stations,  or  at  a  part  of  them,  of  a  second  observer; 
in  order  that  the  observations,  instead  of  being  as  now 
confined  to  four  hours  of  the  night,  can  embrace  the  whole 
diurnal  arc  between  sunset  and  sunrise,  as  nearly  as  pos- 
sible. This  could  be  accomplished  by  four-hour  shifts  for 
each  observer  on  each  night  as  at  present,  properly  alter- 
nated on  successive  nights  or  pairs  of  nights ;  so  as  to 
eliminate  jiersoual  differences  as  well  as  to  cover  practi- 
cally the  whole  visible  arcs.  Thirdly,  the  easier  but  neces- 
sary undertaking  of  the  reduction,  of  all  the  numerous 
series  of  observations  made  daring  the  past  twelve  years 
by  Talcott's  method,  to  the  correct  value  of  the  aberration- 
constant  ;  so  that  by  comparison  of  homogeneous  results  we 
may  arrive  at  the  best  conclusions  about  this  new  and  most 
interesting  residual  phenomenon,  which,  by  the  distinct- 
ness of  the  evidence  that  supports  it,  is  most  emphatic 
witness  to  the  high  precision  to  which  astronomical  meas- 
urement has  been  brought. 
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OBSERYATIOXS  OF  C0:MET  h  1902  (pebrine), 

MADE    HITU   THE    ll-IXfll    El^f  ATOKIAI.    AT   THE    SMITH    COLLEGE    OBSERVATOKV,    XORTn  AM  PTOX.    MAS 

By  MARV  E.  UYRD. 


'  1902  Greenwich  M.T. 

* 

Comp. 

^a 

j8 

App.a 

App.  8                       log  pA 

Red.  to 

App.  PI. 

Sept.    2 

h 

19 

27 

37 

1 

12 

6 

+  0° 

20.36 

-3  ll".8 

h 

3 

16 

13.55 

+35° 

21   32.3  'n9.402 

0.172 

+3*97 

+  1.2 

~i 

Ifi 

7 

14 

9 

14 

8 

-0 

20.54 

+  5  58.1 

3 

12 

55.90 

+36 

37  10.5  719.718 

0.569 

+  4.10 

+   1.4 

- 

1() 

o 

44 

3 

12 

8 

+  0 

9.68 

-0  17.1 

3 

9 

55.28 

+  37 

36  16.3  «9.720 

0.546 

+4.23 

+   1.6 

8 

17 

21 

7 

4 

13 

8 

+  2 

18.70 

-0  11.4 

3 

8 

3.45 

+  38 

9  54.3  n9.639 

0.334 

+  4.31 

+  2.0 

10 

18 

17 

14 

5 

12 

8 

-1 

15.63 

+  5  56.7 

3 

3 

46.47 

+  39 

20  21.7  '«9.508 

0.069 

+  4.43 

+  2.1 

11 

16 

53 

36 

6 

12 

8 

+  0 

24.22 

+  5  59.6 

3 

1 

27.96 

+  39 

55  28.4 

«9.663 

0.318 

+  4.51 

+  2.5 

14 

17 

17 

48 

1 

12 

7 

+1 

34.22 

+  4  46.9 

'> 

52 

13.47 

+42 

0  51.2 

H9.601 

0.075 

+  4.76 

+  3.7 

Oct.     S 

1.3 

57 

12 

8 

12 

8 

—  0 

1 7  22 

-4     5.3 

19 

49 

6.49 

+41 

25  13.1 

9.534 

9.972 

+  2.38 

+  33.6 

10 

lo 

27 

38 

9 

11 

8 

-1 

6.88 

+  1  38.8 

19 

14 

20.86 

+  34 

3  46.2 

9.691 

0.557 

+  2.15 

+30.5 

14 

14 

3 

43 

11 

12 

8 

-0 

15.66 

-3  27.5 

18 

30 

22.95 

+  21 

21  26.9 

9.620 

0.646 

+  2.02 

+  24.0 

1« 

13 

52 

1 

12 

12 

7 

—  2 

8.04 

+  1     0.1 

18 

15 

19.47 

+  16 

6  55.8 

9.619 

0.695 

+  2.02 

+  21.5 

20 

12 

51 

40 

13 

12 

8 

+  1 

58.69 

-2  49.4 

17 

53 

31.37 

+   7. 

55  24.5 

9.495 

0.717 

+  2.00 

+  17.0 

25 

11 

44 

55 

14 

15 

8 

-0 

4.15 

-3  26.1 

17 

34 

55.55 

+  0 

45  28.4 

9.542 

0.767 

+  2.05 

+  13.2 

,'51 

11 

8 

16 

15 

12 

9 

-0 

37.11 

+  6  36.5 

17 

18 

27.47 

—  5 

7  15.2 

9.549 

0.793 

+  2.03 

+  10.1 

Nov.    1 

11 

11 

59 

16 

12 

7 

+  1 

15.71 

-6  41.8 

17 

16 

2.46 

-  5 

55     7.6 

9.562 

0.795 

+  2.02 

+   9.6 

2 

11 

7 

6 

17 

11 

8 

+  1 

40.55 

+  0  19.2 

17 

13 

37.47 

-   6 

40  10.1 

9.565 

0.797 

+  2.02 

+  9.2 

Mean  Places  of  Comparison- Stars  for  the  begianiny  of  the  year. 


* 

a 

S 

Authority 

* 

a 

8 

Authority 

1 

3  15  49.22 

+35  24  42.9 

Lund,  A.G.  1731 

10*  19"  14'"34!40 

+  33°  57  2S.7  1  Leiden,  A.G.  7247 

2 

3  13  12.34 

+  36  31  11.0 

Lund,  A.G.  1712 

11     IS  30  36..59 

+  21  24  30.4  1  Berlin.  B..\.G.  6545 

3 

3     9  41.37 

+  37  36  31.7 

Lund,  A.G.  1680 

12     18  17  25.49 

+  16     5  34.2     Berlin.  A. A.G.  6745 

4 

3     5  40.44 

+  38  10     3.7 

Lund.  A.G.  1643 

13     17  51  30.68 

+   7  57  .56.9  1  Leipzig  II.  A.G.  8176 

5 

3     4  57.67 

+  39  14  22.9 

Lund,  A.G.  1634 

14     17  34  57.65 

+   0  48  41.3  1  Nicolajew.  A.G.  4379 

6 

3     0  59.23 

+  39  49  26.3 

Lund,  A.G.  1595 

15     17  19     2.55 

-  5  14     1.8  1  Paris  III,  22043 

1 

2  50  34.49 

+  41  56     0.6 

Bonn.  A.G.  2502 

16  1  17  14  44.73 

-  5  48  35.4     Paris  III,  21919 

8 

19  49  21.33 

+  41  28  44.8 

Bonn,  A.G.  13492 

17     17  11  54.90 

-   6  40  38.5     Ottakring.  A.G.  Zones 

9 

19  15  25.59 

+  34     1  36.9 

Leiden,  A.G.  7258 

•  Owinj:  to   fog,    second   measures   for    J8    were   made   from    3|clO  whose  difference   in    declination    from    ;)cO   was   measureii   by 
microiiiiHer. 


EPHEMERIS   OF   COMET   d   liHi-J. 


1903  Gi 

.  .M.T. 

.\,.1..« 

Api 

..8 

log  A 

Feb. 

1.5 

6  41   31 

+  13 

59.0 

0.2852 

3.5 

40  34 

14 

39.0 

5.5 

39  43 

15 

18.6 

0.2S99 

7.5 

38  56 

15 

57.9 

9.5 

38  15 

16 

3().8 

0.2954 

11.5 

37  41 

17 

15.4 

13.5 

37  13 

17 

53.5 

0.30  IS 

15.5 

36  51 

18 

30.9 

17.5 

36  34 

19 

7.8 

o.;{os9 

19.5 

(;  ;;t;  l'5 

+  1'.< 

44.0 

1003  Gr.  M.T. 

App.  „ 

A  PI 

.8 

log  A 

Feb.  21.5 

6  36  21 

+  20 

19.6 

0.3166 

23.5 

36  25 

20 

54.5 

25.5 

36  34 

21 

28.6 

2.0 

34.7 

0..324S 

Mar.    1.5 

.•!7   14 

0.33.35 

3.5 

37  44 

23 

6.7 

-,.-, 

3S  21 

23 

37. S 

0.3424 

7.5 

3',>     4 

24 

S.2 

9.5 

6  39  54 

+  24 

37.9 

0.3516 

uiputed  from  1 

.ISTKX  part's 

elements. 

A.N. 

?S3S 

.  —  Ed. 
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COMET   CL  1903. 


[From  ItnriiiK's  t'innilar, 

A  message  received  January  20,  from  l>r.  Kukutz  at 
Kiel,  via  Harvard  College  Observatory,  announced  the  dis- 
covery of  a  comet  by  Giacohixi,  at  Nice,  on  January  15, 
together  with  a  position  secured  at  Nice  on  January  19. 
Captain  C.  M.  Chkstek,  Superintendent  of  the  U.S.  Naval 
Observatory,  transmitted  a  position  by  Mr.  Dinwiddie  of 
January  21,  which  was  circulated  by  telegraph  to  American 
astronomers,  and  a  third  position  has  been  received  from 
Professor  Seakks,  Director  of  Laws  Observatory,  taken  by 
himself.  The  latter  was  received  via  Harvard  College 
Observatory.  The  positions  and  an  oibit  from  Dr.  Kkkutz 
are  here  given  : 


190:j  (;i-.  M.I". 

Jan.  lit.2498 
21.4915 
25.5043 


23 
23 


57  48 
0     fi.5 
4  38.3 


+  2  12  27 

2  47  46 

+  3  48  16 


Observer 

Nice 

Dinwiddle 

Seares 


No.  13:'.,  of  .)iiiiuiiry  "J?.] 

Klements. 
T  =  190;'.  March  14.84 


Q,  =  133  37) 

Q  =       2  32  '-Mean  Eq.  1903.0 

;  =    ;;()  30  ) 


y  =  .4085 

El'HEMEKIS. 

lOI).?  Or.  Midni-lit.             a  S                Light 

Jan.  25         23'    4"'3(;'  +3  48         1.40 

29         23     9  24  4  52 

Feb.    2         23  14  40  6     0 

0         23  20  20  +7   13         2.04 

Computed  from  observations  of  Januarj-  19,  21  and  23. 
Light  January  16  =  1. 


ELEMENTS   AND   EPHEMERIS   OF   COMET  a  1903  (giacobini). 

By  H.   H.   M()K(iAX  .4.NI)  ELEANOR  A.  LAMSON. 


[Commimioated  liy  Captain  C.  M. 

The  following  elements  were  deduced  from  three  obser- 
vations at  Nice,  Jan.  19.  and  at  Washington,  Jan.  21  and 
Jan.  23  : 

Elements. 
1903  April  6.4289  Gr.M.T. 


T 


127  57  53^  j,^j.p^^ 


loo 


359  39  10 
37  36  38 
9.72151 


10 


1903.0 


Residuals  (0-C)  :  .J\  cos^  =  -  S.l 
Jfi  =  -  1.6 

Heliocentric  Coordinates. 

r  =  r  [9.999997]  sin'(218°  2' Is'V  «) 
/  =  ;■  [9.684735]  sin  (127  39  12  +  0) 
V   =-   /•  [9.942091]  sin  (128     9  15  +  v) 


Chester,  U.S.N.,  Superintendent]. 

Ephemekis. 


903  Gr.M.T. 

" 

8 

logi 

Ligh 

Jan.  31.5 

|]          III         s 

23   11  52 

+  5  22.4 

0.3059 

1.3 

Feb.    4.5 

23  17  14 

6  30.9 

0.2985 

1.5 

8.5 

23  23     0 

7  43.8 

0.2901 

1.7 

12.5 

23  29  12 

9     1.2 

0.2805 

2.1 

16.5 

23  35  52 

10  23.5 

0.2098 

2.4 

20.5. 

23  43     5 

+  11  51.0 

0.2577 

2.9 

Brightness  on  Jan.  19.5  is  adopted  as  the  unit. 

No  defined  nucleus  is  seen  as  yet,  but  these  elements  in- 
dicate that  the  comet  will  be  visible  continuously  east  of 
the  sun,  becoming  very  much  brighter,  and  passing  the 
earth  in  May  and  June  at  about  0.5  of  a  unit's  distance. 

U.S.  Naval  Obxervatory,  1903  Jan.  27. 
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Obsekvations  of  Variable  Staks  of  Long  Period,  by  W.  C.  Brexke. 

Note  on  the  Secular  Perturbations  of  the  Planets,  by  A.  Hall. 

SUNS.POT  Observations,  by-  A.  W.  Quimby-. 

The  Missing  Durchmitsterung  Star  +30°o83,  by-  Zaccheus  Daniel. 

Questions  Relating  to  Stellar  Parallax,  Aberration  and  Kimttra's  Phexo.mexon,  by-  S.  C.  Ch.^ndler. 

Oesbry'ations  of  Comet  6  1902  (Perrine),  by  Mary  E.  By-rd. 

Ephemeris  of  Comet  d  1902. 

Comet  a  1903. 

Elements  and  Ephemeris  of  Comet  a  1903  (Giacobini),  by  H.  R.  Morgan  and  Eleanor  A.  Lamson. 


THE 


ASTRONOMICAL    JOURNAL. 

FOUNDED     BY     B.     A.     GOULD. 

Nos.  531-532. 


VOL.  XXIII. 


BOSTON,    1903    FEBRUARY    18. 


KOS.  3-4 


POSITIOXS  AXD  MOTIONS  OF  627  STANDARD   STARS, 

By   lewis   boss. 


An  effort  to  ascertain  the  positions  of  the  principal 
standard  stars  with  exactness  finds  its  justification,  even 
though  a  relatively  small  improvement  in  our  knowledge 
is  thereby  attained,  since  the  results  have  fundamental 
bearings  upon  a  varietj'  of  the  more  important  problems 
which  engage  the  attention  of  practical  astronomers. 

In  the  derivation  of  the  position  of  a  single  star  from 
past  observations  it  may  not  be  of  very  great  importance 
whether  the  systematic  corrections  employed  conform  to 
one,  or  another,  of  the  various  standard  catalogues.  But 
in  computing  a  large  number  of  positions  and  motions  of 
stars,  as  the  basis  of  anj-  investigation  requiring  high  pre- 
cision, the  selection  of  the  standard  catalogue  from  which 
the  systematic  corrections  of  the  catalogues  of  observation 
are  to  be  ascertained  predetermines  the  final  result  in  a 
marked  degree. 

Thus,  if  the  position  of  the  solar  apex  be  derived  from 
I)roper  motions  of  the  stars  between  +40°  and  —30°  of 
declination,  computed  from  the  various  catalogues  of  obser- 
vation by  the  aid  of  systematic  corrections  derived  from 
the  Standard  Catalogue,  B,  of  this  paper,  its  declination 
will  come  out  more  than  10°  further  north,  than  it  will  if 
sj'stematic  corrections  in  conformity  with  the  standard 
catalogue  of  the  Berliner  Jahrhuch,  A,  be  employed.  It 
will  thus  be  seen  that  the  most  probable  position  of  the 
solar  apex  is  far  more  a  matter  of  the  standard  catalogue 
upon  which  it  is  based  than  it  is  of  the  mathematical 
method  emploj'ed.  Any  attempt  to  improve  our  knowledge 
of  the  direc-tion  of  the  sun's  way,  therefore,  involves  in  the 
first  line  an  improvement  in  our  knowledge  of  the  positions 
and  motions  of  the  standard  stars. 

In  like  manner,  any  question  relating  to  a  supposed 
rotation  of  the  celestial  sphere,  or  of  any  part  of  it,  must 
depend  in  a  very  important  degree  upon  the  conclusions  to 
1)0  drawn  relative  to  the  accuracy  of  our  standard  catalogues 
upon  which  such  computations  must  ultimately  rest. 

No  great  refinement  in  the  computation  of  orbits  of 
bodies  within  the  solar  system,  which  range  over  wide 
limits-  in  declination,  is  possible  without  attention  to  the 


systematic  errors   of  the  star-positions  upon  which  such 
computations  must  be  based. 

Scope  of  this  Work  and  Acknowledgements. 

The  catalogue  of  C27  principal  standard  stars  here  pre- 
sented is  the  result  of  an  attempt  to  provide  an  improved 
basis  for  computations  relating  to  real,  or  apparent,  syste- 
matic motions  of  the  stars.  It  is  to  be  regarded  as  the 
exhibit  of  an  intermediate  stage  of  an  investigation  which 
is  in  progress  and  which  it  is  not  advisable  to  complete 
until  further  important  series  of  meridian  observations 
provide  the  necessary  basis  for  a  more  definitive  compu- 
tation. This  is  especially  pertinent  as  to  the  southern 
hemisphere,  in  respect  to  which  our  knowledge  derived 
from  observation  is  still  scanty  to  a  lamentable  degree.  It 
is  to  be  hoped  that  the  next  few  years  will  witness  very 
important  additions  to  the  testimony  of  observation  as  to 
the  positions  of  the  brighter  stars  at  various  epochs.  The 
plan  of  observation  with  the  new  transit-circle  of  the  Cape 
observatory  may  be  expected  to  double,  in  the  systematic 
sense,  the  weight  of  determination  of  stellar  motion  for  the 
southern  sky  ;  and  it  is  to  be  hoped  that,  in  the  near  future, 
other  contributions  of  a  similar  character  maj'  be  secured 
in  respect  to  that  region  of  sky.  Generally  we  may  hope 
that  there  will  soon  be  a  notable  increase  of  contributions 
in  this  line  through  the  re-reduction  of  older  series  of  obser- 
vations, through  the  reduction  of  recent  observations 
already  made,  and  by  further  and  more  precise  observa- 
tions in  this  field.  The  stimulus  of  increased  interest  in 
problems  relating  to  the  sidereal  system  seems  sufficient  to 
warrant  this  expectation. 

The  positions  of  the  present  catalogue  are  the  result  of 
successive  approximations  founded,  in  the  first  instance, 
upon  the  right-ascensions  tabulated  in  a  five-year  ephemeris 
at  the  end  of  "Newcomb's  Standard  and  Zodiacal  Stars," 
N, ,  and  upon  the  declinations  of  the  principal  stars  con- 
tained in  the  writer's  work  entitled,  ''Declinations  of  Fixed 
Stars"  (also  declinations  of  the  American  Ephemeris,  1881 
to  1899),  Bj.     As  the  right-ascensions  now  stand  they  are 
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supposed  to  represent  essentially  the  equinox,  N, ,  of  Is'ew- 
pomu's  " Equator inl  Fundamental  Stars"  in  so  far  as  terms 
in  ./«.,  are  concerned,  but  in  respect  to  terms,  //«„  varying 
with  the  declination  tliey  present  a  new  and  independent 
system  differing  decidedly  from  those  of  Auwers  and  New- 
comb.  In  declination  anew  system  has  resulted,  though  it 
is  essentially  identical  with  Bj  as  to  terms  in  Jn„. 

With  the  exception  of  Albany  observations  and  the  last 
six  hours  of  the  Paris  Catalogues,  the  results  of  unpublished 
observations  are  not  included.  The  results  for  the  last  six 
hours  of  the  Paris  Catalogue,  for  the  stars  in  this  catalogue 
and  for  many  others,  were  communicated  in  the  most 
prompt  and  obliging  manner  by  Director  Loewy  of  the 
National  Observatory  at  Paris. 

In  thi.s  investigation  were  employed  all  star-catalogues 
found  in  the  library  of  the  Dudley  Observatory  which 
promise  useful  contributions  to  this  purpose.  Exceptions 
were  made  as  to  catalogues  of  annual  results  not  yet  com- 
piled in  the  form  of  general  catalogues  and  of  some  minor 
and  partial  catalogues,  which  were  not  included  in  the 
computations  for  the  standard  catalogue. 

It  may  be  well  to  remark  that  the  position.?  of  this  cata- 
logue have  no  dependence,  in  the  systematic  sensCj  upon 
any  meridian  observations  of  a  date  earlier  than  the  Konigs- 
berg  observations  of  1820.  It  has  also  been  assumed  that 
in  the  computations  for  standard  stars  no  special  benefit 
(but  some  possible  harm)  could  be  anticipated  from  the 
employment,  even  in  a  differential  sense,  of  observations 
like  those  of  Mayer,  Piazzi  and  Geoombridge,  however 
useful  these  may  become  in  computations  for  the  positions 
and  motions  of  stars  in  general. 

I  am  indebted  to  the  courtesy  of  the  Superintendent  of 
the  Naval  Observatory,  to  Professor  Pickering,  Director 
of  the  Harvard  College  Observatory,  and  to  Dr.  Chandler, 
Editor  of  the  Astronomical  Journal,  for  the  loan  of  im- 
portant star-catalogues  not  found  in  the  library  of  this 
observatory.  It  may  have  happened  that  a  few  star- 
catalogues,  that  might  have  proved  useful,  have  been  over- 
looked in  this  necessity  of  gathering  material  from  so  many 
sources.  The  present  work  must  be  regarded,  however, 
merely  as  one  of  the  approximations  aiming  at  a  more 
definitive  result  which  cannot  be  reached  with  good  ad- 
vantage for  some  years  to  come.  It  is  merely  supposed  that, 
in  this  approximation,  a  stage  has  been  reached  such  that 
further  amendments  to  the  positions  and  motions  will  be 
small,  or,  at  least,  not  abruptly  different  for  adjacent 
regions  of  sky.  Meanwhile  the  catalogue  in  its  present 
state  is  offered  as  a  possible  improvement  on  what  has 
gone  before,  and  as  that  which  will  serve  as  the  temporary 
basis  for  various  works  in  progress  at  this  Observatory. 

Moreover,  this  is  an  attempt  to  produce  a  consistent. sys- 
tem of  standard  star-positions  and  motions,  by  considering 
simultaneously  all  the  material  of  observation  from  pole  to 
pole  in  a  homogeneous  investigation,  in  which  each  series 


of  observations  is  designed  to  exert  its  due  influence  upon 
the  result  with  careful  reference  to  its  relations  to  other 
series  of  observations. 

The  preparation  for  this  research  has  been  in  progress  at 
odd  times  for  several  years.  AVithin  the  last  two  years 
the  time  of  the  Observatory  staff  has  been  almost  wholly 
given  up  to  this  purpose.  Most  efKcient  aid,  in  the  more 
responsible  parts  of  the  work  as  well  as  in  the  details  of 
computation,  has  been  rendered  by  Assistants  Arthur  J. 
Roy  and  William  B.  Vaknum. 

Throughout  this  and  related  investigations  in  progress 
here  the  work  has  been  efficiently  aided  by  liberal  appro- 
priations from  the  Bache  Fund  of  the  National  Academy 
of  Sciences.  Without  such  aid  the  work  would  not  have 
been  undertaken.  Means  for  publication  of  the  results  in 
cooperation  with  the  Astronomiral  Journal  have  also  been 
accorded  by  the  Directors  of  the  Bache  Fund.  All  these 
grants  have  been  made  with  a  sympathy  and  readiness  of 
appreciation  which  have  enhanced  their  value,  and  for 
which  I  express  my  warmest  thanks. 

Comparison  with  the  Standard  Catalogues  of 
Newconib  and  Auwers. 

Perhaps  the  general  result  of  the  present  research  can 
most  readily  be  defined  by  comparison  with  the  "Catalogue 
of  Fundamental  Stars  for  1875  and  1900,"  N^,  by  Professor 
Newcomb,  which  is  now  serving  as  the  basis  for  several 
astronomical  ephemerides,  and  with  the  revised  catalogues 
of  Dr.  AuwEKS,  as  they  appear  in  "  Vorldujige  Verhesserung 
des  Fundamental-Catalogs"  {A.N.,  Bd.  147,  p.  49  ff.),  A„; 
"  Fundamental-Catalog  fiir  Zonen-Beobachtungen  am,  Siid- 
hmmel"  (A.N.,  Bd.  143,  p.  361ff.),  A^;  and  the  revised 
positions  of  303  stars,  in  an  intermediate  zone,  as  published 
in  the  Berliner  Jahrbueh  for  1901,  Aj.  The  results  of  this 
comparison  are  presented  in  the  following  tables,  in  which 
the  individual  results  were  obtained  by  subtraction  in  the 
senses  respectively  indicated,  and  were  then  combined  into 
regular  groups  with  the  use  of  weights  printed  in  the  cata- 
logue. The  epoch  of  the  comparisons  in  R.A.  is  uniformly 
1900. 

Right- Ascension;  /la,  and  100  Jjjl.,. 
Decl.  +37°.5  to  —22°. 


B  — No 

B  — An 

a 

No.** 

Ja. 

100  J^. 

No.  5)<* 

Ja. 

J,i. 

h 

0 

25 

-!005 

—  !005 

15 

!ooo 

+  .019 

o 

26 

-.004 

-.007 

20 

—  .002 

+  .016 

4 

2o 

-  .006 

-.(111 

22 

—  .003 

+  .004 

6 

22 

—  .005 

—  .010 

20 

—  .006 

-.019 

8 

14 

-.006 

-.017 

12 

-.005 

-.021 

10 

24 

-f  .001 

+  .014 

IS 

-.004 

-.018 

12 

21 

—  .002 

+  .003 

16 

-.001 

-.008 

14 

20 

+  .002 

+  .015 

13 

+  .005 

+  .010 

16 

30 

+  .002 

+  .004 

24 

+  .001 

+  .009 

18 

20 

+  .005 

+  .013 

19 

+  .007 

+  .013 

20 

28 

.000 

+  .004 

21 

+  .005 

-.004 

22 

31 

-.002 

+  .005 

25 

.000 

+  .007 
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It  should  be  remarked  that  the  positions  and  motions  of 
manj-  stars  were  computed  which  are  not  included  in  the 
present  catalogue,  B,  —  especially  in  the  skj-  south  of  —22°. 
These  additional  stars  have  been  made  use  of  in  the  pre- 
ceding comparisons  as  well  as  in  those  which  follow. 

Following  are  the  expressions  for  Ja^  and  Jfx.^  which 
result  from  the  preceding  table. 


B-N^:    J  a, 
100  J,,., 

B  -A„:    ^a, 
100  z/,A, 


0.000 
0.000 

+  0.0270 
+  0.088 


—  0.0039  sin  «   —0.0020  cos  « 
-0.010  -0.005 


—  0.0051  sin  (£ 
-0.010 


+  0.0002  cos  « 
+  0.010 


The  periodic  terms  in  /la,,  though  very  small,  are  clearly 

indicated.     The  correction  for  A„  may  safely  be  assumed 

to  apply  also  to  A,  and  A^.     The  assumption  of 

J' —  1900 
+  0^027   +0».088 


100 

as  the  equinox-correction  of  A„  is  somewhat  arbitrary ;  but 
any  defect  in  this  assumption  is  compensated  in  the  values 
of  .lui  and  zJfjL,  which  appear  in  the  tables  of  correction. 

In  general,  the  determination  of  the  equinox-correction 
is  beset  with  minor  difficulties  due  to  uncertainties  in  the 
errors  which  depend  upon  the  declination.  These  uncer- 
tainties are  also  inherent  in  the  original  determinations  of 
the  successive  positions  of  the  equinox.  In  view  of  this  it 
may  be  assumed  that  the  equinox,  Xj,  has  been  preserved 
in  the  present  computation  with  such  accuracy  as  the  state 
of  the  case  would  readily  allow. 

The  system,  B,  appears  to  satisfy  very  well  the  mean  of 
the  best  modern  determinations  of  absolute  right-ascension 
in  respect  to  terms  in  Ju^,  as  will  hereafter  appear;  so 
that  the  testimony  of  these  determinations  does  not  point 
to  a  correction  of  B  in  this  respect  which  would  account 
for  any  important  part  of  the  differences,  B  —  N.,  and 
B  -  A„ . 

KlGHT-AsCEXSIOX  ;    Jui  AXD  100. V/i,. 

B  — Xj 


8  N 

0.** 

Jtt, 

100  J/.3 

S  N 

0.  **   Ja, 

100  J/i, 

+  87° 

11 

+  .1)36 

+  .180 

—  5 

21 

-.003 

-.011 

80 

0 

-.006 

+  .112 

9 

30 

-  .001 

+  .005 

76 

10 

-.028 

-.016 

15 

29 

+  .004 

+  .019 

70 

11 

-  .025 

-.024 

19 

25 

+  .014 

+  .030 

66 

8 

-.023 

-.016 

25 

22 

+  .020 

+  .040 

60 

17 

-.031 

-.048 

29 

16 

+  .028 

+  .070 

55 

11 

-.027 

-.050 

35 

17 

+  .027 

+  .055 

50 

17 

-.020 

-.039 

40 

16 

+  .040 

+  .047 

45 

16 

-  .029 

—  .063 

45 

25 

+  .054 

+  .086 

40 

20 

-.010 

-.030 

50 

12 

+  .041 

+  .068 

35 

16 

-.001 

-.014 

55 

13 

+  .046 

+  .144 

29 

22 

-.007 

-.016 

60 

19 

+  .024 

+  .051 

25 

24 

-.005 

-.004 

65 

13 

-.009 

+  .016 

20 

24 

-.003 

-  .007 

70 

10 

+  .030 

+  .177 

15 

23 

-.0:)2 

.000 

75 

4 

+  .019 

+  .137 

10 

27 

-.002 

-.001 

79 

9 

+  .055 

+  .214 

+  5 

33 

-.003 

+  .003 

-87 

15 

-.018 

-.113 

0 

17 

-.001 

+  .006 

For  the  groups  south  of  —20°  the  individual  differences 
are  very  irregular,  as  will  be  seen  by  reference  to  the  indi- 
vidual comparisons  printed  in  connection  with  the  Cata- 
logue. 


Right- Ascension  ;  Ju.i  and  100 ///x^. 

13  — An  B- 

No.  **  Ja.  100  J//,  Aa., 


100  J^i 


80 
76 
70 
66 
60 
55 
50 
45 
40 
35 
29 
25 
20 
15 
10 

+  6 
0 

-  4 

9 

15 

19 

25 

-30 


() 
8 
11 
9 
17 
10 
17 
16 
20 
16 
20 
22 
18 


23 
14 
14 

21 
oo 

12 

13 

6 


-.049 
+  .048 
+  .019 
+  .003 
.000 
-.018 
-.031 
-.026 
-.029 
-.019 
-.021 
-.017 
-.015 
-.007 
-.002 
-.001 
+  .006 
+  .012 
+  .006 
+  .010 
+  .013 
+  .011 
+  .016 
+  .035 


-.015 
+  .224 
+  .088 
+  .060 
+  .045 
-.001 
-.031 
-.021 
-.026 
-.004 
—  .012 
-.022 
-.023 
-.030 
-.005 
-.020 
+  .007 
+  .020 
+  .024 
+  .018 
+  .022 
+  .036 
+  .041 
+  .095 


-.102 

-.134 

+  .107 

+  .429 

+  .037 

+  .112 

+  .027 

-.058 

+  .017 

+  .116 

-.010 

-.079 

-.021 

-.016 

-.031 

-.036 

-.028 

-.017 

-.019 

+  .014 

-.024 

-.014 

-.023 

-.033 

-.009 

-.005 

-.007 

-.014 

.000 

-.007 

.000 

-.014 

+  .011 

+  .019 

+  .019 

+  .027 

+  .017 

+  .032 

+  .006 

+  .016 

+  .018 

+  .063 

+  .001 

+  .017 

+  .025 

+  .046 

+  .035 

+  .095 

The  meridians  of  right-ascension  for  45°  on  either  side 
of  the  equator,  as  defined  by  N,  and  A,  seem  to  be  in- 
clined with  reference  to  the  meridian  defined  by  B,  both  in 
the  same  direction  and  by  nearly  the  same  amounts.  For 
both  N„  and  A^  the  discrepancy  amounts  to  about 

in  the  neighborhood  of  —45°  of  declination  ;   and  to  some- 
thing like 

r'_i9oo 

-0U.25-0..02^:^ 

for  A„ ,  and 

r'-1900 


-0'.017   -0'.04 


100 


forX2,at  +45°.  These  discrepancies  have  received  care- 
ful attention  and,  while  the  meridian  south  of  the  equator 
is  still  very  uncertain,  it  does  not  seem  probable  that  any 
considerable  part  of  the  differences  is  attributable  to  error 
in  the  meridian  B.  so  far  as  weight  of  existing  testimony 
is  competent  to  decide. 

The  system  of  the  '•303  stars,"  Aj,  and  of  the  southern 
stars.  A,,  should  be  conformable  in  right-ascension  with 
A„.  The  determination  of  Ja,  and  _///,.  will  therefore 
suffice  for  these. 
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KiGllT-AscKXSION 

B— Ai 
N'o.  **    Juj  100  J//J 


Ju 


,  AND  100    1^,  . 

B  — As 
8    Xo.  :tc>|c    Jaj 


-10 
-15 
-20 
-24 


24 
10 
2f) 
21 

12 


+  .00<J 
+  .013 
+  .009 
+  .009 
+  .013 
+  .018 


+  .013 
+  .021 
+  .035 
+  .023 
+  .030 
+  .04!) 


B  — As 

22       9      +.01(>  +.(i;!0 

24     21      +.020  +.047 

29     20      +.037  +.089 


-3(5 
-40 
-45 

-50 
-54 
-fiO 

—  05 
-70 

—  7."> 

—  79 
-87 


28 
23 
29 
15 
IS 
20 
17 
13 
5 
8 
13 


+  .031 
+  .041 
+  .045 
+  .042 
+  .025 
+  .010 
+  .013 
+  .013 
+  .012 
+  .010 
-.211 


100  J//a 

+  !076 
+  .103 
+  .099 
+  .081 
+  .002 
+  .065 
+  .081 
+  .151 
+  .058 
+  .130 
-.591 


As  in  A„,  in  order  to  liave  tlie  differences  actually  found, 
+  0'.027  should  be  added  to  the  above  values  of  /lui,  and 
+  0'.088  to  those  of  100  J fi, ,— these  corrections  corre- 
sponding to  the  difference  of  equinoxes,  B  — A. 

Comparison  of  Declinations. 

The  subjoined  tables  exhibit  the  results  of  comparison 
for  the  declinations,  corresponding  to  the  epoch  1900,  ex- 
cept for  Bj,  (Declination  of  Fixed  Stars  and  American 
Ephemeris,  1881-1899,  and  its  extension  southward  from 
—  20°,  as  published  in  Ast.  Jour.,  No.  450),  for  which  the 
epoch  of  comparison  is  1875. 

The  values  of  Jh^  and  /Ifi.'^  are  first  cleared  from  the 
effect  of  terms  in  zJSj  and  Jfj.'^ . 


Declinatiox  ;  z/S^  and  J/h', 


a    \o.  Hf.'Jf. 


0 

4 
0 
8 
10 
12 
14 
16 
18 
20 


4 
6 
8 
10 
12 
14 
16 
18 
20 


8 

10 

10 

5 

4 

7 

10 

9 
12 
13 

8 


28 
26 

21 
16 
23 
22 
22 
32 
21 
28 
32 


B  — Xs 

+!o5 
-.07 
-.03 
+  .02 
.00 
-  .00 
-.04 
+  .05 
+  .05 
+  .09 
-.04 
+  .01 


+  .04 
+  .02 
+  .05 
+  .05 
+  .03 
+  .01 
-.06 
-.04 
-.06 
-.01 
-.05 
+  .04 


+80°  to  +40° 
100J//'a         Xo 

+  .09 
-.08 
+  .00 
+  .08 
+  .05 
-.29 

V>'> 

+  .15 
+  .07 
+  .14 
-.00 
+  .02 


■■** 

8 

9 

10 


10 

6 

9 

11 

13 

8 


B  — A 

JL 

+'.15 
-.01 
-.03 
+  .03 
-.08 
-.13 
-.05 
-.01 
-.04 
+  .03 
+  .02 
+  .08 


+  .19 
-.05 
+  .03 
+  .22 
-.18 
-.09 
+  .02 
+  .04 
-.12 
-.00 
+  .05 
-.01 


+40°  to 
+  .04 
+  .08 
+  .05 
+  .10 
+  .01 
-.02 
-.07 
+  .04 
-.12 
-.00 
-.12 
+  .10 


17 
20 
24 
19 
14 
17 
17 
10 
20 
20 


+  .04 

+  .04 

+  .01 

+  .05 

+  .02 

-.01 

+  .02 

+  .14 

-.17 

-.23 

-.13 

-.25 

-.03 

-.18 

+  .04 

+  .12 

-.02 

.00 

+  .01 

+  .00 

+  .00 

-.03 

+  .13 

+  .19 

a     Xo.  >^::^c 


13 
11 
10 
15 

1 3 

k; 

13 
11 

IS 
25 
11 
10 


B  —  Xj 
J8. 

+"lO 
+  .15 
-.10 
+  .01 

-.11 

+  .29 
+  .05 
-.10 
—  .(»S 
-.05 
-.09 
-.08 


—22°  to 
100  J/i'. 


-70° 
Xo.  :^c:^« 


B  — A 


100  J//'. 


+  .10 

+  .L'S 

-  .09 

-  .08 

-  .28 
+  1.09 

-  .07 
+  .07 

-  .13 

-  .12 

-  .57 


14 

+  .17 

+  .65 

15 

+  .1S 

+  .56 

I'.l 

-.00 

-.03 

10 

-.00 

-.32 

14 

-.10 

-.11 

IS 

—  .07 

-.11 

15 

-.18 

-.32 

15 

+•.12 

+  .58 

20 

+  .0S 

+  .27 

2(; 

.00 

-.48 

10 

-.17 

-.98 

13 

+  .14 

+  .26 

The  periodic  terms  result  as  follows : 

Limits  B  — Xo,   JS«  B  — Xj,  100  J/^'.. 

+  80   +40    -.033  sin  «   —.002  cos  «    —  .04sin«   +'o5cosa 
+40   -22    +.040  +.032  +.07  +.04 

-22  -70    +.050  +.001  +.18  -.15 


Limits 
+  80° +40° 


B- 


B  — A,   100  J//'. 


+  40 
oo 


_'>2 
-70 


-A,  J8. 

.030 sin «   +.073 cos «  +.02  sin  «   +.00 cos  a 

.048  +.074  -.00  +.11 

.032  +.080  +.08  +.12 


The  consistency  of  the  comparisons,  B  — A,  in  the  several 
zones  is  worthy  of  special  note.  It  seems  to  offer  satis- 
factory evidence  that  the  numerical  accuracy  of  the  compu- 
tations for  the  positions  and  motions  of  the  individual  stars 
in  cash  catalogue  are  practically  above  reproach. 

From  these,  omitting  Xewcomb's  stars  south  of  —22°, 
we  may  assume  the  definitive  corrections  to  be : 

B-N„  .J8,  =  +o!o22sin«   +0.024  cos  « 

100  .v.  =  +0.04  +0.04 


B-A  M^  = 

100  z//x',  = 


-0.041  sin  rt   +0.075  cos  « 
-0.01  +0.10 


The  values  of  Jh^  and  100  Jix' ,  for  the  Berliner  Jahrbuch, 
1883-1900  may  safelj-  be  assumed  to  be  the  same  as  for 
A„  ;  and  for  Bj ,  1875,  practically  the  same  as  for  the  cata- 
logue of  the  present  investigation.  In  view  of  the  uncer- 
tainties relating  to  our  present  knowledge  of  the  laws  of 
variation  of  latitude  at  different  epochs,  no  highly  critical 
investigation  of  the  systematic  terms  in  z/8,  for  the  present 
catalogue  has  been  undertaken.  It  is  believed  that  this 
can  be  much  more  effectively  done  at  a  later  time.  It  is 
notable,  however,  that  for  the  modern  series  of  observed 
declinations  the  discrepancies  from  the  standard  following 
the  order  of  right-ascension  are  comparatively  minute,  not- 
withstanding differences  of  epoch  and  of  the  longitude  of 
the  observatories  concerned.  It  is  proposed  to  treat  this 
matter  more  in  detail  in  a  subsequent  chapter. 
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It  should  also  be  noted  that  the  system,  B,,  with  which 
comparison  is  made,  though  practically  identical  in  the 
systematic  sense  with  that  of  "Declinations  of  Fixed  Stars," 
differs  from  it  in  that  the  individual  positions  and  motions 
of  50  stars  were  first  revised  for  the  uses  of  the  present 
computation. 

Declination;  JSj  and  100  J fj.',  for  B  — N„  and  B  — Bj. 

B  — \.2  B  — B«,  1875 

S       No.**     JSj         100  J,i/'.  8      No.**     J&        100J,;'a 


Declination;  J&,  and  100  Jfi'^  for  B- 

B  — An 

8         No.  **         J8a  100  J/z'o 


+  87 
SO 
7G 
70 
GO 
(JO 
55 
50 
45 
40 
35 
29 
25 
20 
15 
10 

+  5 
0 

—  5 
<) 
15 
19 
25 
29 
35 
40 
45 
50 
55 
60 
(55 
70 
75 
79 

-87 


-.08 
-.01 
+  .0(j 
-.01 
.00 
-.14 
-.17 
-.16 
-.19 
-.31 
-.30 
—  .22 
-!25 
_  9'> 


11 

(; 

10 

11 

9 

17 

11 

17 

16 

20 

16 

22 

24 

24 

23  -.27 

27  —.22 

33  -  .36 
-.36 
-.31 
-.31 
-.35 
-.29 
-.26 
-.01 
-.17 
-.03 
+  .08 
+  .fJ7 
-.02 
+  .01 
+  .27 
+  .17 
-.10 
+  .13 
-.06 


16 
21 
30 
29 
25 
23 
18 
21 
17 
25 
12 
13 
19 
13 
10 
4 
9 
15 


-  .09 
+  .02 
+  .28 

-  .0(1 
+  .21' 

-  .08 

-  .06 

-  .05 

-  .09 

-  .31 

-  .24 

-  .02 

-  .21 

-  .15 

+  .01 

-  .28 

-  .23 

o- 

-  .17 

-  .16 

-  .16 
+  .05 
+  .10 

oo 

+  ^36 

+  .67 

+  .69 

+  .55 

+  .78 
+  1.41 

+  .87 

-  .28 
+  .22 

-  .16 


+  78 

69 

60 
55 
50 
45 
40 
34 
29 
25 
20 
15 
10 

+  5 
0 

—  6 
10 
14 
19 
24 


40 
44 
48 
54 
59 
63 
(■)(•) 
70 
-78 


11   +.12  + 


19  +.15  +  .3c 


19 
10 
17 
14 
19 
14 
18 
18 
16 
19 
''3 
21 
11 
13 
15 
18 
13 
21 
17 
17 
15 
29 
25 
21 
19 

0'> 

15 
11 

12 


+  .14 
+  .16 
+  .13 
+  .10 
+  .09 
+  .06 

.00 
-.02 
-.04 
-.07 
-.05 
-.04 
-.06 

.00 

.00 
+  .03 
+  .01 

.00 
+  .01 

.00 
-.04 
-.01 
-.04 
+  .01 
-  .02 
-.02 

.00 
-.05 
+  .02 


+  .49 
+  .58 
+  .48 
+  .37 
+  .32 
+  .14 
+  .17 
+  .14 
+  .13 
+  .14 
+  .26 
+  .25 
+  .14 
+  .26 
+  .39 
+  .45 
+  .54 
+  .18 
+  .58 
+  .31 
+  .42 
+  1.16 
+  1.44 
+  1.15 
+  1.34 
+  1.12 
+  1.15 
+  1.61 
.00 


Down  to  tlie  limit  of  stars  whicli  can  be  observed  with 
advantage  in  high  northern  latitudes  the  systematic  differ- 
ences, B  — N„,  for  the  proper  motions,  are  veiy  small,  and 
are  chiefly  due  to  the  weight  which  Professor  Newcomb 
attributed  to  the  results  of  planetary  observation  (Ast.Pap. 
Am.  Eph.,  Vol.VIII,  Pt.  II,  p.  191).  As  to  the  region  south 
of  —30°  the  values  of  .//ti',  are  intrinsically  very  uncertain 
on  account  of  the  small  totality  of  weight  of  the  observed 
ileclinations  for  the  south  polar  regions;  and  also,  in  some 
ilegree,  because  of  the  defects  of  the  Mural  Circle  at  the 
('ape,  used  by  Hkndekson  and  Maci.eak,  ■=-  a  matter  which 
will  be  treated  in  some  detail  in  a  subsequent  chapter. 


+  87 
80 
76 
70 
66 
60 
55 
50 
45 
40 
35 
29 
25 
20 
15 
10 


9 
15 
19 
25 
-30 


6 
8 
11 
9 
17 
10 
17 
16 
20 
16 
20 
22 
18 


14 
14 
21 

12 

13 

6 


-.05 
+  .02 
+  .21 
+  .16 
+  .22 
+  .15 
+  .13 
+  .08 
+  .18 
-.12 
-.28 
-.19 
-.23 
-.30 
-.18 
-.17 
-.12 
-.04 
.00 
+  .07 
+  .22 
+  .38 
+  .64 
+  .75 


.05 
.41 
.94 


62 
43 
28 

-  .10 
.00 

-  .99 
-1.38 
-1.05 
-1.17 
-1.38 
-1.20 
-1.18 
-1.01 

-  .84 

-  .92 

-  .99 
-1.05 

-  .94 

-  .63 

-  .82 


A„  and  B— B.J. 

B- 

B.J. 

J8. 

100  J^', 

+  '04 

+   '49 

-.03 

+   .39 

+  .39 

+  1.22 

+  .18 

+   .82 

+  .23 

+   .67 

+  .16 

+   .48 

+  .15 

+   .23 

+  .14 

+   .17 

+  .21 

.00 

-.32 

-1.51 

—  .52 

-2.16 

-.06 

-   .54 

—  .22 

-1.04 

-.28 

-1.34 

-.14 

-1.12 

-.15 

-1.16 

-.17 

-1.07 

+  .05 

-   .68 

-.10 

-1.09 

+  .02 

-1.11 

+  .24 

-1.00 

+  .44 

-   .74 

+  .70 

-   .46 

+  .65 

-   .99 

There  is,  of  course,  a  close  general  resemblance  between 
the  numbers,  B  — A„  and  B  — B.J.  But  the  latter,  as  might 
have  been  expected,  show  very  much  more  clearly  the  sys- 
tematic distortions  produced  by  the  dependence  of  the 
proper  motions  upon  Bradley's  declinations.  In  fact, 
the  zones  should  be  much  less  than  five  degrees  wide  in 
order  properly  to  show  the  irregularities  in  the  region 
+  25°  to  +45°,  wherein  the  defects  of  Bradley's  quadrant 
are  undoubtedly  very  great.  In  the  tables  of  systematic 
differences,  further  on,  it  will  be  assumed  that  the  syste- 
matic correction  for  B.J.  (1883-1900)  is  the  same  as  that 
for  A„ ,  with  the  reservation  that  it  would  be  difficult  to 
assign  any  verj^  exact  corrections  to  the  proper  motions  of 
the  former  in  the  zone  of  +25°  to  +45°. 

Declinations  ;  JS,  and  100  J/i'j  for  B  — A,  and  B  — A, . 


B— Ai 

8     No.  **    J  8., 


B— As 
No.  **     J  8, 


+  2 
—  5 
-10 
-15 
-20 
-24 


-24 


24 
\{\ 
26 
21 
22 
12 


—  .20 
-.21 
-.21 
-.16 
-.06 
+  .15 


.26 
.15 


-.34 


-29 
35 
40 
45 
50 
54 
60 
65 
70 

79 


20 
28 
23 
29 
15 
18 
20 
17 
13 
8 
8 
13 


-.24 
-.02 
-.07 
+  .09 
+  .06 
+  .04 
+  .20 
+  .33 
+  .40 
+  .40 
+  .47 
-.05 


100  Jfi', 

-  '65 
•  +   .09 

-  .18 
+  .33 
+  .33 
+  .14 
+  .77 
+  1.02 
+  .98 
+  .52 
+  .28 
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Takinj;  into  account  the  smalliiess  of  the  weights  in- 
volved, the  iiulividual  differences  whicli  make  up  the 
ifroujis  in  the  ]ireceiling  table  agree  very  well. 

Tables  of  Sy.st«-iiiatio  Correction  for  Nj  ami  A. 

The  results  of  the  foregoing  comparisons  have  been 
utilized  to  form  tables  of  systematic  corrections  for  N,,  A„  , 
A,  and  A,.  In  right-ascension  no  distinction  is  necessary 
between  the  various  catalogues  published  by  Dr.  Auwers, 
beginning,  with  the  Fundamenttd-Catnlog ;  but  in  decli- 
nation the  distinction  between  the  northern,  intermediate, 
and  southern  catalogues  must  be  preserved,  so  far  as  Jhi  is 


concerned.  Through  the  use  of  these  tables  the  ])OKitions 
and  motions  of  many  stars  not  included  in  the  ])resent 
catalogue  can  be  brought  into  systematic  harmony  with  it, 
and  apparently  without  material!}'  less  accuracy  for  the  in- 
dividual stars  than  could  be  reached  b}-  special  compu- 
tations for  these  stars  in  conformity  with  the  system  of  H. 
This  is  especiallj'  true  of  the  star-places  computed  by 
Dr.  AuwEKS  in  the  catalogues.  A,  and  Ag.  As  will  be  seen 
by  reference  to  the  catalogue  the  positions  and  motions  of 
south  polar  stars  taken  from  'is^  agree  better  with  the 
results  of  this  investigation  than  do  those  taken  from  A^, 
which,  in  turn,  are  quoted  from  the  Cape  Catalogve  for 
1S90. 


SYSTEMATIC    COltRECTIOXS  :     ORDER    OF   DECLINATIONS. 


Ri(;iiT-AscEKsioN"s  ;  Cokkections,  zla^  and  lOQ  Jfx,. 
B  —  N..  B  —  A 


+  85 
80 
75 
70 
05 

+  60 
55 
50 
45 
40 

+  35 
30 
25 
20 
15 

+  10 

+  .-. 
0 

10 

-15 
20 
25 
30 
35 

-40 
45 
50 
55 
60 

-65 
70 
75 
80 

-85 


o!ooo 

-0.017 
-0.025 

—  0.028 
-0.027 
-0.028 
-0.026 
-0.023 
-0.019 
-0.013 
-0.007 
-0.005 
-0.004 
-0.003 
—0.002 

—  0.002 
-0.002 
-0.002 
-0.002 

0.000 
+  0.005 
+  0.013 
+  0.020 
+  0.02,"i 
+  0.032 
+  0.040 
+  0.045 
+  0.045 
-tO.037 
+  0.019 
+  0.009 
+  0.01() 

+o.o;?5 

+  0.032 
0.000 


100  J II, 

+  o!o()S 
+  0.040 
+  0.004 
-0.018 
-0.031 
-0.040 
-0.047 
-0.048 
-0.042 
-0.033 
-0.021 
-0.013 
-0.006 
-0.003 
0.000 

0.000 
0.000 

-0.001 
0.000 
+  0.005 
+  0.014 
+  0.031 
+0.044 
+  0.054 
+  0.063 
+  0.070 
+  0.076 
+  0.081 
+  0.087 
+  0.094 
+  0.097 
+  0.096 
+  0.092 
+  0.069 
0.000 


+  0.029 
+  0.(»26 
+  O.017 
+  0.007 
-0.005 
-0.021 
-0.028 
-0.029 
-0.026 
-0.023 
-0.020 
-0.017 
-0.014 
-0.010 
-0.005 
0.000 
+  0.005 
+  0.009 
+  0.010 
+  0.009 
+  0.010 
+  0.013 
+  0.021 
+  0.031 
+  0.037 
+  0.042 
+  0.043 
+  0.038 
+  0.026 
+  0.016 
+  0.011 
+  0.012 
+  0.012 
+  0.006 
-0.034 


100  J!i6 

+  o!l49 
+  0.127 
+  0.092 
+  0.061 
+  0.031 
-0.002 
-0.019 
-0.022 
-0.020 
-0.016 
-0.015 
-0.018 
-0.022 
-0.022 
-0.018 
-0.009 
+  0.004 
+  0.016 
+  0.023 
+  0.025 
+  0.028 
+  0.036 
+  0.054 
+  0.077 
+  0.090 
+  0.097 
+  0.096 
+0.084 
+  0.071 
+  0.068 
+  0.080 
+  0.093 
+  0.100 
+  0.086 
-0.034 


Declinations  :  Cokkections, 


B  — X2 
J8.    100  J//', 


B  — Au 
JS.    100J.«'< 


JS,  AND  lOO.Jja',. 
B  — A, 
8        Jh>      100  Jh'> 


+  90 
85 
SO 
75 
70 

+  65 
60 
55 
50 
45 

+  40 
35 
30 
25 
20 

+  15 
10 

+  5 
0 

—   5 

-10 
15 
20 
25 
30 

-35 
40 
45 
50 
55 

-60 
65 
70 
75 
80 

-85 

-90 


0.00 

0.00 

0.00 

0.00 

0.00 

-0.04 

-0.09 

-0.14 

-0.19 

-0.23 

-0.27 

-0.27 

-0.25 

-0.23 

-0.23 

-0.25 

-0.28 

-0.31 

-0.33 

-0.34 

-0.34 

-0.33 

-0.28 

-0.19 

-0.12 

-0.06 

0.00 

+  0.03 

+  0.04 

+  0.03 

+  0.10 

+  0.15 

+  0.13 

+  0.06 

0.00 

0.00 

0.00 


0.00 
0.00 
0.00 
+  0.10 
+  0.14 
+  0.10 
+  0.01 
-0.05 
-0.10 
-0.16 
-0.20 
-0.20 
-0.17 
-0.16 
-0.18 
-0.20 
-0.22 
-0.23 
-0.24 
-0.23 
-0.20 
-0.16 
-0.09 
+  0.06 
+  0.10 
+  0.16 
+  0.36 
+  0.55 
+  0.63 
+  0.71 
+  0.93 
+  0.97 
+  0.67 
+  0.18 
0.00 
0:00 
0.00 


0.00 
0.00 
+  0.07 
+  0.14 
+  0.17 
+  0.18 
+  0.17 
+  0.15 
+  0.12 
+  0.04 
-0.09 
-0.19 
-0.22 
-0.24 
-0.24 
-0.21 
-0.17 
-0.13 
-0.07 
+  0.01 
+  0.11 
+  0.20 
+  0.43 
+  0.61 
+  0.83 


0.00 
0.00 
+  0.44 
+  0.84 
+  0.79 
+  0.61 
+  0.43 
+  0.23 
-0.03 
—0.38 
-0.83 
-1.12 
-1.20 

1  22 

-1.24 
-1.23 
-1.13 
-0.99 
-0.89 
-0.92 
-0.99 
-0.97 
-0.88 
-0.79 
-0.71 


+  5° 

-0.21 

-0.99 

0 

-  0.21 

-0.89 

—  5 

-0.21 

—  0.92 

10 

-0.21 

-0.99 

15 

-0.16 

-0.97 

20 

-0.05 

-0.88 

-25 

+  0.17 

-0.79 

B  — As 

—20 

-0.22 

-0'73 

25 

-0.20 

-0.55 

30 

-0.15 

-0.35 

35 

-0.08 

-0.15 

40 

-0.03 

0.00 

45 

+  0.03 

+  0.17 

50 

+  0.05 

+  0.27 

55 

+  0.10 

+  0.43 

60 

+  0.20 

+  0.71 

65 

+  0.33 

+0.91 

70 

+  0.40 

+  0.83 

75 

+  0.40 

+  0.53 

80 

+  0.29 

+  0.22 

85 

+  0.10 

-0.08 

-90 

0.00 

-0.30 
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SYSTEMATIC 

CORRECTIONS :     ORDER 

OF    R.  A. 

Ricbt-Ascension 

Declination 

B 

—  No 

B- 

-A 

B- 

-N, 

B- 

A 

Ju,. 

100  J,/„ 

Ja.. 

100  Jfi. 

J8.  iOOJ//'„ 

J8«   lOOV, 

I 

0 

-!002 

-!005 

+!027 

+!098 

+".02 

+  .04 

+  "08 

+  .10 

1 

-.003 

-.007 

+  .026 

+  .095 

+  .03 

+  .05 

+  .06 

+  .09 

o 

-.004 

-.009 

+  .025 

+  .092 

+  .03 

+  .05 

+  .04 

+  .08 

3 

-.004 

-.011 

+  .024 

+  .088 

+  .03 

+  .06 

+  .02 

+  .06 

4 

-.004 

-.011 

+  .023 

+  .084 

+  .03 

+  .05 

.00 

+  .04 

5 

-.004 

-.011 

+  .022 

+  .081 

+  .03 

+  .05 

-.02 

+  .02 

6 

-.004 

-.010 

+  .022 

+  .078 

+  .02 

+  .04 

-.04 

-.01 

7 

-.003 

-.008 

+  .022 

+  .076 

+  .02 

+  .03 

-.06 

-.04 

8 

-.002 

-.006 

+  .022 

+  .074 

+  .01 

+  .01 

-.07 

-.06 

9 

-.001 

-.004 

+  .023 

+  .074 

.00 

.00 

-.08 

-.08 

10 

.000 

-.001 

+  .024 

+  .074 

-.01 

-.01 

-.09 

-.09 

11 

+  .001 

+  .002 

+  .026 

+  .076 

-.02 

-.03 

-.08 

-.10 

12 

+  .002 

+  .005 

+  .027 

+  .078 

-.02 

-.04 

-.08 

-.10 

13 

+  .003 

+  .007 

+  .028 

+  .081 

-.03 

-.05 

-.06 

-.09 

14 

+  .004 

+  .009 

+  .029 

+  .084 

-.03 

-.05 

-.04 

-.08 

15 

+  .004 

+  .011 

+  .030 

+  .088 

-.03 

-.06 

-.02 

-.06 

16 

+  .004 

+  .011 

+.o;n 

+  .092 

-.03 

-.05 

.00 

-.04 

17 

+  .004 

+  .011 

+  .032 

+  .095 

-.03 

-.05 

+  .02 

-.02 

IS 

+  .004 

+  .010 

+  .032 

+  .098 

-.02 

-.04 

+  .04 

+  .01 

19 

+  .003 

+  .008 

+  .032 

+  .100 

-.02 

-.03 

+  .06 

+  .04 

20 

+  .002 

+  .006 

+  .032 

+  .102 

-.01 

-.01 

+  .07 

+  .06 

21 

+  .001 

+  .004 

+  .031 

+  .102 

.00 

.00 

+  .08 

+  .08 

22 

.000 

+  .001 

+  .030 

+  .102 

+  .01 

+  .01 

+  .09 

+  .09 

23 

-  .001 

-.002 

+  .028 

+  .100 

+  .02 

+  .03 

+  .08 

+  .10 

24 

-.002 

-.005 

+  .027 

+  .098 

+  .02 

+  .04 

+  .08 

+  .10 

The  subjoined  catalogue  of  027  stars  is  divided  into  three 
sections,  tlie  limits  of  which  are  indicated  in  the  respective 
captions.  The  selection  of  these  stars  was  made  with  the 
idea  that  these  would  be  best  adapted  to  serve  as  a  con- 
necting link  between  the  various  catalogues  of  observation. 
In  general,  they  are  the  stars  whose  positions  can  be  com- 
puted for  the  early  part  of  the  nineteenth  century  with  the 
greatest  certainty.  Suitability  for  this  purpose  rather  than 
distribution,  or  previous  use  as  standard  stars,  governed 
the  choice.  At  the  lower  limit  of  precision  it  is  doubtless 
true  that  other  stars  might  have  been  introduced  that 
would  have  been  better  adapted  to  the  intended  use  than 
some  stars  which  have  been  admitted.  But  it  is  believed 
that  the  number  of  these  is  not  very  great.  Between  the 
limits  of  —22°  and  —37°,  however,  some  stars,  otherwise 
suitable,  have  been  omitted  pending  the  definitive  reduction 
of  the  Albany  right-ascensions  for  1898. 

When  the  epoch  of  the  position  in  tlie  catalogue  is  much 
earlier  than  the  general  mean,  it  is  an  indication  that  a 
great  improvement  in  the  star  as  a  standard  would  be 
effected  by  repeated  modern  observations ;  so  that,  by 
means  of  such  observations,  some  of  the  stars  for  which  the 
mean  date  of  observation  is  now  in  the  sixties  could  easily 
be  placed  in  a  relatively  higher  class  than  they  now  occui)y. 

One  of  the  most  essential  qualifications  of  a  standard 
star  is  the  certainty  with  whicli  its  position  can  be  predicted 
for  future  epochs.  The  observations  needed  for  the  present 
epoch  are  within  the  control  of  astronomers :  but  those  of 


past  epochs  can  only  be  improved  through  a  new  reduction 
of  the  older  catalogues.  It  would  therefore  seem  to  be  the 
part  of  wisdom  to  select,  for  the  increase  of  our  list  of 
standards,  those  stars  which  have  been  well  observed  in 
the  first  sixty  years  of  the  nineteenth  century,  irrespective 
of  the  attention  which  they  have  received  since  that  time. 

The  force  of  this  is  all  the  greater  on  account  of  the 
prevalent  idea  in  regard  to  the  supposed  advantages,  more 
imaginary  than  real,  in  adherence  for  a  long  term  of  years 
to  the  use  of  some  one  standard  catalogue.  If  our  standard 
catalogues  were  to  be  revised  as  often  as  they  should  be, 
the  necessity  for  high  weight  as  to  the  adopted  propter 
motions,  though  still  important,  would  not  be  of  such  vital 
consequence. 

The  names  of  several  well  known  stars  will  be  missed 
from  the  present  collection.  Nearly  all  of  these  are  open 
to  proof,  or  at  least  to  well  grounded  suspicion,  of  periodic 
variation  in  proper  motion.  The  duplicity  of  some  of  these 
stars  also  constitutes  an  objection  to  their  use  as  standard 
stars.  Among  them  are  :  rj  Cassiopeae,  a  Can.  Majoris, 
u  Geminoruvi,  aCan.viin.,  y  Vin/inis,  ^Bootis,  ^JJerciilis, 
61  Cyrjni,  a  Crucis,  and  «  Centauri.  It  is  scarcely  neces- 
sary to  urge  that  these  stars  should  still  be  included  in 
observing  lists  where  absolute  determinations  are  intended, 
and  also  in  those  wherein  differential  determinations  for 
the  bright  stars  is  the  object  in  view. 

From  —20°  to  —40°  of  declination  there  is  a  rapid  fall- 
ing oif  in  the  precision  with  which  the  places  of  the  princi- 
pal stars  are  known  ;  so  that  the  mean  weight  of  /i  and  ^' 
for  far  southern  stars  is  scarcely  one-fifth  that  for  the 
northern.  For  this  reason  it  appeared  advisable  to  separate 
these  southern  from  the  northern  stars  in  the  catalogue. 

It  might  also  be  remarked  that  the  computed  mean 
weight  of  100  fj.  in  the  catalogue  is  never  less  than  0.22  ;  so 
that,  where  the  weight  0.2  is  assigned  the  mean  weight  of 
lOOyu.  is  about  0.23  for  such  stars. 


It  remains  to  explain  the  numbers  printed  in  the  cata- 
logue, so  far  as  this  seems  to  be  required. 

No.  The  stars  in  the  three  divisions  of  the  catalogue 
are  numbered  together  according  to  their  order  in  right- 
ascension. 

MiKjnitiiile.  The  magnitudes  are  adopted  from  the 
Harvard  Photometry.  For  the  northern  stars  tlie. magni- 
tudes are  mostly  copied  from  Newcomb's  FimdawenUil 
Catalof/itc,  these  iiaving  also  been  taken  from  the  Harvard 
Photometry. 

See.  Vdi:  Tiie  secular  variations  are  comjiuted  from 
Professor  Newcomb's  constants  contained  in  his  recent 
work  upon  the  I'ren'ssionnl  Con.-<taiif.  They  are  practically 
identical  with  those  computed  from  the  constants  of  Stri'VK 
and  Pktkks.  The  secular  variations  in  R.A.  are  given  to 
the  fourth  decimal  place,  and  in  declination  to  the  third. 
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IX  and  n'.  The  values  of  fi  and  /ix'  correspond  strictlj'  to 
the  epoch  1900,  and  are  for  R.A.  in  units  of  the  fourth 
decimal ;  for  declination  in  units  of  the  third. 

The  catalogue  was  first  constructed  with  the  use  of 
Struvk's  precessions  throughout.  Since  these  secular 
variations  are  virtually  identical  with  those  comjmted  from 
Nkwcomh's  constants,  the  result  for  annual  variation  has 
been  the  same  as  it  would  have  been  if  Newcomts's  pre- 
cessions had  been  used  from  the  first.  Accordingly, 
precessions  computed  from  Newcomb's  constants  have 
been  subtracted  from  the  annual  variations  as  printed  in 
the  catalogue,  resulting  in  the  values  of  n  and  /«.'  there 
given.  This  course  was  decided  on,  in  view  of  the  intended 
investigations  of  whicli  this  catalogue  forms  a  part ;  and 
because  the  precessions  of  Newcomb  offer  a  more  consistent 


basis  for  correction  than  that  which  is  afforded  by  the  use 
of  the  so-called  Stkuvk  constants.  Moreover,  from  the 
results  of  my  "  Tmtative  liesenrrhes  njion  Precesxloti,"  etc. 
(A.J.  .501),  making  all  due  allowances  for  the  uncertainty 
due  to  the  imperfection  and  fragmentary  nature  of  the 
material  of  observation  employed,  it  seems  to  the  writer 
probable  that,  in  the  interests  of  further  and  more  compre- 
hensive computations  relating  to  the  solar  motion,  pre- 
liminary values  of  the  proper  motions  corresponding  to 
Newcomb's  precessions  would  offer  a  more  convenient  and 
consistent  basis. 

100  ///A  and  100, Y/x'  express,  respectively,  the  computed 
change  of  the  proper  motion  in  K.A.  and  declination  for 
one  century,  under  the  assumption  that  stellar  proper 
■  motion  is  uniform  in  the  arc  of  a  great  circle.     The  unit  is 


CATALOGUE   OF  G27   STANDARD   STARS. 

First  Section  —  (Declination,  +82°  to  —21°  50'). 


1 

B- 

-  X 

B- 

-  A 

No.      Name  and  Magnitude   | 

K.A 

1900 

Ann.  V.  and  Sec.  V. 

/i  and  100  J^ 

Ep.  and  Wt. 

Ja 

J/^ 

Ja 

Jf 

.0001 

.0001 

.0001 

T      p. 

P^ 

.001 

.0001 

.001 

.0001 

1    SSPiscium 

4.6 

b       ni 
0       0 

13^.010 

+  3^0709 

-    'l4 

-    'l3 

s 

0 

70     32 

1.3 

-29 

—    7 

' 

8 

2     a  Andromedae 

2.1 

0       3 

13.022 

3.0931 

+   185 

+   106 

+ 

1 

66  160 

7.1 

-  8 

2 

+   8 

+   7 

3     i8  Cassiopeae 

2.4 

0     3 

50.291 

3.1765 

+   543 

+   675 

— 

11 

69     78 

3.8 

-51 

-   4 

+   9 

+   9 

5 

y  Pegasi 

2.9 

0     8 

5.123 

3.0846 

+   102 

0 

0 

68  170 

6.9 

-12 

-  3 

+  20 

+  8 

7 

I  Ceti 

3.8 

0  14 

19.981 

3.0572 

—     22 

-     13 

0 

75     82 

2.2 

—   7 

-   1 

+  32 

-t-11 

12 

12  Ceti 

6.2 

0  24 

56.127 

+  3.0612 

+       9 

+       3 

0 

75     95 

1.9 

-13 

-  8 

+  43 

+  15 

14 

K  Cassiopeae 

4.2 

0  27 

18.741 

3.3777 

+   712 

+     17 

0 

67     61 

2.4 

—  25 

-   1 

+  27 

+  14 

15 

13  Ceti 

5.2 

0  30 

6.043 

3.0870 

+     14 

+   273 

0 

73     34 

1.4 

+   7 

+   1 

- 

- 

16 

^  Cassiopeae 

3.8 

0  31 

23.796 

3.3200 

+  497 

+     24 

0 

73     59 

2.0 

-61 

-13 

-   9 

+   5 

17 

TT  Andromedae 

4.4 

0  ,11 

32.280 

3.1939 

+   244 

+      17 

0 

76     41 

1.3 

—   5 

o 

+  11 

+   9 

18 

£  Andromedae 

4.6 

0  33 

16.166 

+  3.1612 

+   208 

-   173 

_ 

1 

73     55 

1.6 

-15 

-  1 

+  16 

+  10 

19 

8  Andromedae 

3.5 

0  33 

58.726 

3.1985 

+   224 

+   107 

+ 

1 

75     41 

1.4 

-11 

-  3 

+  15 

+   8 

20 

a  Cassiopeae 

2.4 

0  .34  49.739 

3.3783 

+   561 

+     61 

+ 

1 

66  122 

5.5 

-18 

_   2 

-11 

+  5 

21 

/SCeti 

2.2 

0  38 

34.215 

3.013S 

-     54 

+   160 

_ 

1 

69  121 

3.6 

-11 

0 

+  40 

+  16 

22 

^  Andromedae 

4.3 

0  42 

2.191 

3.1722 

+   179 

-     73 

0 

75     45 

1.4 

-   4 

+   1 

+  16 

+   9 

23 

8  Piscium 

4.6 

0  43 

29.603 

+  3.1090 

+     80 

+     55 

0 

74     69 

1.9 

-   5 

+   1 

+  .36 

+  15 

24 

20  Ceti 

4.9 

0  47 

53.796 

3.0638 

+     36 

-       4 

0 

71     36 

1.6 

+   8 

+   1 

- 

1     25 

y  Cassiopeae 

2.3 

0  50 

40.139 

3.5876 

+   723 

+     41 

+ 

1 

73     83 

2.7 

—   7 

+   5 

+   9 

+  10 

26 

H  Andromedae 

3.9 

0  51 

12.016 

3.3161 

+  309 

+   128 

+ 

1 

75     82 

1.7 

-19 

-  4 

+  16 

+  14 

29 

£  Piscium 

4.5 

0  57 

45.145 

3.1099 

+     88 

-      54 

0 

74  144 

3.1 

-  4 

0 

+  41 

+  13 

30 

ft  Cassiopeae 

5.2 

1     1 

36.828 

+3.9608 

+   661 

+  3921 

+  39 

63     3'i 

2.0 

+  36 

+   9 

_ 

_ 

1     32 

80  Piscium 

5.7 

1     3 

13.049 

3.0868 

+     78 

-   182 

_ 

1 

65     26 

1.0 

+   5 

—   2 

- 

- 

,     33 

7)  Ceti 

3.6 

1     3 

33.548 

3.0172 

0 

+   141 

0 

73     35 

1.1 

-17 

—   3 

+  53 

+  16 

I     34 

/3  Andromedae 

2.4 

1     4 

7.837 

3.3465 

+   289 

+   148 

+ 

1 

75  118 

3.9 

+   6 

+   1 

-   3 

+  6 

36 

C  Piscinm 

5.4 

1     8 

30.321 

3.11'99 

+     91 

+     89 

0 

71     35 

1.4 

-44 

-   6 

- 

- 

37 

9'  Ceti 

3.8 

1  19 

1.492 

+  2.9978 

+     18 

-     54 

0 

70  136 

4.0 

+   8 

+   3 

+  30 

+  11 

38 

8  Cassiopeae 

2.8 

1  19 

16.186 

3.8881 

+   793 

+   399 

+ 

6 

67     63 

3.7 

-34 

-   6 

+  20 

+  10 

41 

/*  Piscium 

5.2 

1  24 

56.668 

3.1394 

+     91 

+   194 

0 

62     28 

1.3 

-19 

—   5 

- 

- 

42 

■q  Piscium 

3.7 

1  26 

7.861 

3.2040 

+   142 

+     18 

0 

74  128 

2.7 

+  9 

+   3 

+  26 

+  12 

44 

V  Persei 

3.7 

1  31 

51.041 

3.6600 

+  486 

+     61 

0 

70     67 

2.9 

-20 

-   3 

+   3 

+   8 
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the  fourth  decimal  for  100  Jfi,  and  the  third  decimal  for 

100  Jfi.'. 

Ep.  nnd  in.  T  is  the  mean  epoch  by  weight  of  all  the 
observations  of  the  star,  and  p^  and  p^  the  weights,  respec- 
tive!}', of  the  R.A.  and  declination  at  those  epochs,  jd,  and 
pj  are,  respectively,  tlie  weights  of  the  computed  centen- 
nial motions,  100 /u.  and  100 /x'.  The  probable  error  of  the 
unit  of  weight  is  intended  to  be,  ±0".30  sec  S,  and  ±0".30, 
in  R.A.  and  declination  respectively.  If  the  weight,  ja',  be 
desired  for  any  epoch,  T',  we  shall  have: 


P.XP. 


100    Y^ 
T'-  t) 


I    100  y 

and  correspondingly  for  the  declinations. 


B— N  and  B— A.  These  signify,  respectively,  the  indi- 
vidual comparisons  with  the  catalogues  of  Newcomb  and 
AuwEKs,  from  which  the  foregoing  tables  of  comparisons 
have  been  constructed.  The  unit  for  /Ju  is  the  third  deci- 
mal :  for  Jfji,  the  fourth  ;  for  Jh,  the  second  ;  and  for  z//i', 
the  third.  In  the  first  section  of  the  catalogue  the  com- 
parisons are  invariably  with  A„;  and  south  of  —22°  always 
with  A,. 

Explanation  of  the  manner  in  whicli  the  right-ascensions 
and  declinations  of  the  catalogue  were  formed,  together 
with  tables  of  adopted  weights  and  systematic  corrections 
for  the  catalogues  of  observation,  are  to  appear  in  later 
sections  of  this  paper. 


CATALOGUE   OF  627   STAIS^DARD   STARS. 


First  Sectiox  —  (Declination,  +82°  to  - 

-21°  50'). 

B  — N 

B- 

-A 

No. 

Decl.  1900 

Ann.  V.  and  Sec.V. 

li'  and  100  J//' 

Ep.  and  Wt. 

j8   J,/' 

JS 

J,.' 

.001 

.001 

.001 

T      Ps    P^. 

.01   .001 

.01 

.001 

1 

-  6°  16  L22 

+  20"l37  -"  9 

+  "90 

"0 

67  35  ;l.9 

-  '13  '0 

' 

' 

2 

+  28  32  17.86 

19.884  -  15 

-  161 

0 

64  169  7.6 

-15  +  2 

-14 

-  9 

3 

+  58  35  53.45 

19.863  -  17 

-  181 

0 

69  80  4.8 

-  17  -  1 

+  25 

+  6 

5 

+  14  37  39.16 

20.021  -  24 

-  13 

0 

66  165  7.1 

-  31  -  4 

-24 

-14 

7 

-  9  22  42.03 

19.976  -  36 

-  32 

0 

77  71  2.4 

-  28  -  2 

+  6 

-11 

12 

-  4  30  35.61 

+  19.921  -  57 

—   7 

0 

76  85  2.0 

—  27  —  7 

-  3 

-10 

14 

+  62  22  47.67 

19.905  -  67 

0 

0 

69  57  3.2 

+  5  +  3 

+  30 

+  5 

15 

-  4  8  36.16 

19.855  -  68 

-  19 

0 

71  34  1.5 

-  35  -  2 

_ 

_ 

16 

+  53  20  47.65 

19.852  -  75 

_   7 

0 

72  54  2.3 

-  5    0 

+  17 

+  3 

17 

+  33  10  7.61 

19.848  -  72 

9 

0 

75  43  1.6 

-  37  -10 

-IS 

-19 

18 

+  28  46  7.60 

+  19.588  -  75 

-  248 

0 

74  44  1.1 

-15  +  6 

-  3 

-  4 

19 

+  30  18  49.54 

19.741  -  78 

-  86 

0 

73  46  1.9 

+  27  +11 

-11 

-11 

'  20 

+  r>5   59  20.15 

19.785  -  83 

-  31 

0 

63  140  7.6 

-5  +  1 

+  23 

+  2 

21 

-18  32  7.79 

19.803  -  82 

+  39 

0 

68  100  3.4 

-  37  -  2 

+  37 

-  8 

22 

+  23  43  23.35 

19.631  -  92 

-  80 

0 

73  56  2.1 

-  17  -  1 

-17 

-13 

23 

+  72  27.00 

+  19.643  -  94 

-  44 

0 

75  75  2.2 

-  19    0 

-  4 

-  8 

24 

-  1  41  14.44 

19.595  -101 

-  16 

0 

66  41  2.0 

-79-13 

_ 

_ 

' 

25 

+  60  10  31.00 

19.557  -123 

_  2 

0 

69  78  3.2 

0  +  3 

+  42 

+  11 

26 

+  37  57  24.85 

19.576  -116 

+  27 

0 

74  69  2.1 

-  28  -  3 

-44 

-19 

29 

+  7  21  6.33 

19.443  -121 

+  29 

0 

72  134  3.8 

-12  +  3 

-16 

-12 

30 

+  54  25  47.33 

+  17.771  -185 

-1556 

-24 

63  27  1.5 

-  50  -  4 

_ 

_ 

32 

+  57  14.19 

19.106  -1.0 

-  183 

+  1 

62  37  1.4 

-  93  -12 

_ 

_ 

r 

33 

-10  42  44.45 

19.148  -129 

-  133 

-  1 

77  37  1.8 

-  34  -  7 

+  22 

-11 

34 

+  35  5  25.40 

19.152  -144 

-  115 

-  1 

74  95  4.3 

-11  +  2 

-38 

-15 

36 

+  72  47.50 

19.106  -143 

-  52 

0 

65  38  2.0 

-  27    0 

- 

- 

37 

-  8  41  57.79 

-f  18.654  -156 

-  213 

0 

69  119  4.0 

-  25  +  2 

-  1 

- 

38 

+  59  42  56.03 

18.814  -202 

-  46 

0 

63  52  3.4 

-  54  -  9 

+  17 

+  5 

41 

+  5  37  41.94 

18.641  -175 

-   44 

0 

59  37  1.7 

-114  -18 

_ 

_ 

42 

+  14  49  48.99  | 

18.638  -180 

-   10 

0 

72  118  3.5 

-  37  -  7 

-16 

-13 

44 

+  48  7  17.80  1 

18.346  -218  ' 

-  112 

0 

72  77  3.5 

-2  +  7 

+  20 

+  1  1 

2 

6 
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N'"- 531-532 

FiKST  Section  —  (Declination,   +82° 

to  -21'  50'). 

1 

1 

B- 

N 

B- 

-A 

No. 

Name  and  Magnitude   | 

R.A.  iflOO 

Ann.  V.  and  Sec.  V. 

It  and  100  J/i     | 

Ep.  and  VVt. 

Ja 

■if 

Ja 

J^ 

.0001 

.0001 

.0001 

'/     p.      P. 

.001 

.0001 

.001 

.0001 

46 

V  Pisciuin 

4J 

i\3g"'i3.'587 

+  3!ll84   +  'Ol 

-'    14 

"0 

75  100  2.2 

• 

—  5 

'  0 

+  30 

+'10 

47 

<^  Persei 
T  Ceti 

4.2 

1  37  23.346 

3.7361    +  532 

+     28 

0 

72     50  1.8 

—  22 

-   3 

_   2 

+   8 

48 

3.7 

1  39  25.348 

2.7868   +        9 

-1195 

+   6 

73     33  1.4 

+  24 

+  4 

+37 

+  15  . 

49 

0  Piscium 

4.6 

1  40     6.713 

3.1630   +   112 

+     46 

0 

76  115  2.6 

-11 

-   3 

+  25 

+   7 

52 

f  Ceti 

3.9 

1   46  31.450 

2.9601    +      24 

+     24 

0 

73     46  1.6 

-15 

+   4 

+35 

+  10 

53 

£  Cassiopeae 

.'!.5 

1  47  11.754 

+  4.261)9    +1004 

+     58 

+    1 

68     69  3.6 

-   9 

+   6 

+  22 

+  14  1 

54 

rt  Triaiiguli 

3.6 

1  47  22.733 

3.4093   +   249 

+      12 

-   1 

75     44  1.7 

-13 

-   3 

+  10 

+  8  ; 

55 

/8  Arietis 
50  Cassiopeae 

2  7 

1  49     6.845 

3.3059   +   183 

+     67 

0 

73  134  3.6 

+   9 

+   3 

+  19 

+  9  1 

57 

4.1 

1  54  53.214 

5.0333   +1894 

-     83 

_   2 

71     81  3.0 

+  14 

+  8 

+  39 

+  17 

59 

it  Piscium 

3.9 

1  56  52.339 

3.1011    +     84 

+     28 

0 

67     33  1.5 

+  26 

+  4 

- 

- 

60 

y  Andromedae 
«  Arietis 

2.2 

1  57  45.484 

+  3.6649   +  394 

+     42 

0 

70     92  3.9 

-12 

-  4 

+   4 

+  10 

61 

2.2 

2     1  32.048 

3.3728  +   204 

+   137 

0 

67  173  7.2 

-10 

2 

+  14 

+  8 

62 

/3  Trianguli 

3.1 

2     3  35.438 

3.556(i   +  305 

+   123 

0 

73     56  2.3 

-16 

-   3 

+   7 

+  10 

63 

65  Ceti 

4.5 

2     7  41.905 

3.1747    +   116 

-     17 

0 

74     53  1.5 

-10 

—   5 

- 

- 

65 

0  Ceti 

Var. 

2  14  17.649 

3.0280   +     63 

0 

-   1 

74     57  1.8 

-13 

_   2 

+41 

+  12 

68 

t  Cassiopeae 

4.6 

2  20  49.279 

+  4.8828   +1322 

-       5 

0 

70     76  1.7 

-27 

_   2 

+  36 

+  17 

69 

f  Ceti 

4.3 

2  22  50.461 

3.1847   +   116 

+     26 

0 

75  122  2.9 

() 

0 

+  25 

+   9 

70 

8  Ceti 

4.0 

2  34  21.356 

3.0715   +     82 

+       7 

0 

76     72  2.0 

-17 

—  4 

+  33 

+  12 

71 

6  Persei 

4.3 

2  37  21.963 

4.0744   +   513 

+  341 

+   2 

72     61    2.4 

-38 

-12 

-10 

+   3 

73 

y  Ceti 

3.G 

2  38     7.087 

3.1044   +     93 

-     98 

-    1 

68  111   3.0 

+   1 

-   1 

+  .32 

+  11 

74 

jaCeti 
r;  Persei 
41  Arietis 

4.4 

2  39  32.096 

+3:2375   +   125 

+   188 

0 

74     57  1.9 

•) 

0 

+  26 

+  11 

75 

3.9 

2  43  23.880 

4.3460  +   678 

+     27 

0 

75     52  1.1 

-61 

-14 

—   7 

+   3 

76 

3.7 

2  44     5.730 

3.5213   +  227 

+     49 

0 

74     63  1.9 

—   5 

-    1 

+   5 

+   6 

78 

i;  Eridani 
e"'  Arietis 

4.1 

2  51  32.511 

2.9289   +     50 

+     54 

-  1 

75     59  2.3 

-10 

-   6 

+  48 

+  14 

79 

4.6 

2  53  29.529 

3.4225   +   184 

-     11 

0 

72     46  1.8 

+   5 

-   1 

- 

- 

81 

a  Ceti 

2.8 

2  57     3.057 

+  3.1317   +     97 

-       9 

0 

68  163  G.G 

-12 

0 

+  34 

+  11 

82 

y  Persei 
p  Persei 
j3  Persei 
I  Persei 

3.1 

2  57  32.992 

4.3183   +  593 

+       2 

0 

75     52  1.4 

-33 

-   8 

-   1 

+   5 

84 

Var. 

2  58  45.943 

3.8301    +  331 

+   114 

0 

73     50  1.4 

-11 

0 

+  14 

+  12 

85 

Var. 

3     1  39.571 

3.8878   +  355 

+       5 

0 

71     73  2.9 

-   4 

-   3 

+   4 

■+  9 

86 

4.2 

3     1  50.797 

4.3062   +   516 

+  1290 

+  10 

72     43  1.4 

-34 

-11 

-    1 

+   8 

88 

8  Arietis 

4.6 

3     5  54.552 

+  3.4232   +   171 

+   106 

0 

72     84  2.6 

-11 

-  4 

+  19 

+   8 

90 

^  Arietis 

5.0 

3     9     9.113 

3.4412   +   176 

-     17 

0 

72     38  1.4 

+   5 

+   2 

- 

- 

92 

«  Persei 

1.9 

3  17  10.800 

4.2615   +  482 

+     27 

0 

67  123  5.4 

-15 

-   3 

+   8 

+   9 

93 

0  Tauri 

3.8 

3  19  25.846 

3.2239   +   114 

-     44 

0 

75     75  1.9 

+   2 

+   2 

+  27 

+   8 

94 

$  Tauri 

3.8 

3  21  44.904 

3.2466   +   116 

+     40 

0 

71     50  1.5 

-14 

0 

+  31 

+  11 

95 

5  Tauri 

4.3 

3  25  21.047 

+3.3066  +   129 

+     11 

0 

76     71  1.8 

-18 

—   5 

+  26 

+  10 

96 

£  Eridani 

3.8 

3  28  13.128 

2.8247   +     56 

-  657 

+  1 

76     95  2.7 

+   9 

+  3 

+  43 

+  16 

99 

8  Persei 

3.2 

3  35  48.117 

4.2533   +  414 

+     31 

0 

70     84  3.6 

-14 

-   4 

—  5 

+   6 

100 

8  Eridani 

3.7 

3  38  27.439 

2.8719   +     62 

-     63 

+   4 

73     56  1.9 

-21 

2 

+  50 

+  15 

101 

17  Tauri 

3.8 

3  38  56.131 

3.5550   +   177 

+      14 

0 

69     46  1.3 

-   6 

-   2 

+   9 

+   6 

103 

1]  Tauri 
27  Tauri 

3.0 

3  41  32.303 

+  3.5588   +   175 

+      14 

0 

70  134  4.2 

-12 

2 

+  13 

+   7 

105 

3.8 

3  43  12.866 

3.5601   +   174 

+     14 

0 

69     49  1.7 

-   4 

+   2 

+  13 

+  S 

107 

^  Persei 

3.0 

3  47  50.650 

3.7621   +   220 

+       9 

0 

75     66  l.S 

+   4 

D 

+  2 

+   5 

110 

£  Persei 

3.0 

3  51     8.459 

4.0140   +  286 

+     22 

0 

71     51  2.4 

-.32 

-  9 

0 

+   8 

111 

y'  Eridani 

3.3 

3  53  21.806 

2.7976   +     45 

+     45 

-  1 

71  109  3.0 

-15 

2 

+  40 

+  11 

112 

\  Tauri 

3.5 

3  55     8.332 

+  3.3193   +   114 

-       3 

0 

1  75     59  1.6 

-17 

—   5 

+  25 

+   8 

114 

V  Tauri 

4.0 

3  57  50.148 

3.1877   +     91 

+       2 

0 

80     50  1.2 

-19 

-  6 

+  24 

+   6 

115 

37  Tauri 

4.5 

3  58  46.908 

3.5407   +  151 

+     67 

0 

73     44  1.5 

-12 

—  3 

- 

- 

116 

48  Persei 

4.0 

4     1  23.959 

4.3406  +   362 

+     32 

0 

75     49  1.4 

-25 

-11 

0 

+   4 

118 

o  Eridani 

4.1 

4     6  59.019 

2.9264   +     59 

+       6 

0 

74     78.1.9 

-12 

0 

+  28 

+   8 

119 

40  Eridani 

4.5 

4  10  40.167 

+2.7611   +     16 

-1484 

-20 

70     36  1.6 

+   7 

-   1 

- 

- 

123 

y  Tauri 

3.9 

4  14     6.084 

3.4097  +   114 

+     82 

0 

74     96  2.6 

-   9 

0 

+  18 

+   7 

124 

8'  Tauri 

3.9 

4  17     9.998 

3.4553  +   118 

+     77 

0 

75     59  2.0 

—    3 

+   2 

+  19 

+  8 

127 

£  Tauri 

3.7 

4  22  46.581 

3.4988   +   119 

+     81 

0 

72  115  3.5 

-   6 

-   1 

+  16 

+   7 

128 

n  Tauri 

1.1 

4  30  10.893 

3.4385   +   102 

+     48 

-  1 

66  178  7.5 

+   3 

+   1 

+  25 

+  7 

N°»- 531-532 
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First  Section  —  (Declination,  +82°  to  — 

21°  50'). 

B  — N 

B- 

-A 

No. 

Decl.  1900 

Ann.  V.  and  Sec.  V. 

iu'  and  100  J/t' 

Ep.  and  Wt. 

J8   A/i' 

J8 

^f'- 

.001 

.001   .001 

r    p,     p^. 

.01  .001 

.01 

.001 

46 

-t-  4  58  53.64 

+  18"307  -193 

+  "   1    0 

73  91  2.9 

-'34  -'2 

—  7 

-10 

47 

+  50  11  5.96 

18.248  -233 

-   16    0 

74  63  2.3 

-  25  -  1 

+  19 

0 

48 

-16  27  50.72 

19.046  -171 

+  856  +  8 

74  36  1.4 

-  33  -  2 

+  48 

—  5 

, 

49 

+  8  39  16.09 

18.215  -203 

+  50    0 

74  105  3.2 

-10  +  6 

-11 

-  9 

1 

o2 

-10  49  44.63 

17.889  -201 

-  31    0 

77  36  1.1 

-  31  -  4 

+  14 

-11 

i 

53 

+  63  10  39.51 

+  17.877  -289 

-  17    0 

66  61  3.5 

-  17  -  2 

+  9 

+  5 

54 

+  29  5  30.08 

17.654  -232 

-  232    0 

74  48  1.8 

-  23  -  2 

-  9 

-11 

55 

+  20  19  9.16 

17.706  -229 

-  Ill    0 

73  125  3.8 

-  20  -  1 

-30 

-13 

57 

+  71  56  14.85 

17.603  -359 

+  23  +  1 

75  78  2.8 

+  3  +  3 

+  20 

+  6 

1 

59 

+  2  16  50.66 

17.490  -228 

-   6    0 

67  33  2.0 

-  18    0 

- 

_ 

1 

(iO 

+  41  50  59.62 

+  17.406  -270 

-52    0 

68  89  4.8 

-  30  -  2 

-  9 

-  9 

1 

61 

+  22  59  22.60 

17.148  -257 

-  146  -  1 

66  177  7.7 

—  22  —  2 

-13 

-10 

62 

+  34  30  51.47 

17.156  -275 

-  46  -  1 

73  56  2.0 

-  23  -  2 

-18 

-13 

63 

+  S  22  39.64 

17.008  -252 

-   7    0 

70  57  2.3 

+  16  +10 

- 

- 

e 

65 

-  3  25  54.03 

16.466  -251 

-  237    0 

76  48  1.5 

-  51  -  8 

+  3 

-12 

68 

+  66  57  10.57 

+  16.394  -417 

+  14    0 

69  66  2.0 

+  10  +  4 

+  27 

+  10 

69 

+  80  42.79 

16.274  -278 

-40 

75  112  3.3 

-20  +  3 

-  1 

-11 

^' 

70 

-  0  6  10.13 

15.670  -286 

+   1    0 

79  57  2.1 

-  34  -  4 

+  6 

-  8 

71 

+  48  48  19.94 

15.415  -387 

-  89  -  3 

70  68  4.2 

-  29  -  2 

+  2 

-  3 

73 

+  2  48  51.79 

15.312  -294 

-150+1 

64  103  3.7 

-30+1 

-20 

-11 

74 

+  9  41  31.10 

+  15.356  -311 

-  27  -  2 

72  60  2.5 

-  35  -  2 

-21 

-12 

75 

+  55  28  49.84 

15.151  -421 

-  13    0 

75  50  2.3 

-  28  -  1 

+  10 

+  3 

1 

76 

+  26  50  54.12 

15.011  -344 

-  113    0 

74  64  2.0 

—  32  —  2 

-40 

-12 

78 

-  9  17  45.92 

14.474  -298 

-  215  -  1 

75  51  2.5 

-  17  -  2 

+  25 

—  5 

79 

+  20  56  25.46 

14.564  -349 

-   8    0 

70  48  2.1 

-16  +  2 

- 

- 

1 

SI 

+  3  41  50.84 

+  14.279  -325 

-  78    0 

67  159  6.7 

-20  +  1 

-  6 

-10 

1 

82 

+  53  6  53.50 

14.320  -447 

-   6    0 

76  58  2.8 

—  42  —  2 

-  9 

-  4 

84 

+  38  27  10.22 

14.143  -400 

-  108  -  1 

79  46  1.1 

+  2  +  6 

-28 

-20 

85 

+  40  34  13.50 

14.067  -410 

-   5    0 

68  75  3.6 

-  32  -  3 

+  12 

-  3 

86 

+  49  13  52.69 

13.980  -468 

-  80  -13 

75  53  2.1 

+  62  +18 

+  13 

+  1 

88 

+  19  20  54.73 

+  13.799  -::69 

-   6-1 

71  89  2.8 

-  29  -  7 

-36 

-19 

90 

+  20  40  26.05 

13.523  -.•;74 

-  75    0 

68  51  2.2 

+  2  +  7 

- 

- 

92 

+  49  30  19.18 

13.046  -477 

-  28    0 

65  150  7.9 

-  18    0 

+  9 

_  2 

93 

+  8  40  37.08 

12.846  -364 

-  78    0 

74  62  2.2 

-  32  -  4 

-10 

-12 

94 

+  9  23  2.57 

12.727  -371 

-  41    0 

71  53  1.8 

+  1  +  5 

—  5 

—  7 

95 

+  12  35  38.43 

+  12.520  -.■!82 

-   4    0 

74  64  2.2 

-  29  -  6 

+  2 

—  7 

f 

96 

-  9  47  48.19 

12.340  -323 

+  13  +  8 

77  81  2.4 

-46-12 

+  16 

-12 

99 

+  47  28  4.36 

11.764  -507 

-  33    0 

70  96  4.9 

-11+3 

+.32 

+  4 

100 

-10  6  6.67 

12.352  -346 

+  743  +  1 

70  43  1.9 

+  16  +13 

-10 

—  22 

101 

+  23  47  56 '^2 

11.525  -428 

-   49    0 

70  45  1.9 

16+1 

—  25 

-14 

103 

+  23  47  45.44 

+  11.340  -432 

-  48    0 

67  134  5.0 

-15  +  2 

-  3 

-  6 

105 

+  23  44  51.52 

11.217  -434 

-  50    0 

70  46  1.4 

-  28  -  2 

-19 

-13 

107 

+  31  35  12.02 

10.913  -465 

-  17    0 

74  63  2.0 

-  32  -  2 

-26 

-15 

110 

+  39  43  15.43 

10.656  -500 

-  31    0 

74  47  2.0 

-  30  -  4 

-11 

-11 

111 

-13  47  34.66 

10.410  -.-{52 

-  112  -  1 

70  114  4.5 

-  25  -  2 

+  15 

-14 

112 

+  12  12  28.12 

+  10.375  -418 

-  14    0 

76  54  1.5 

-  24  -  3 

-  4 

-10 

114 

+  5  42  42.80 

10.180  -405 

-   7    0 

81  44  1.1 

—  21  —  2 

-  1 

—  5 

115 

+  21  48  31.23 

10.052  -451 

-  63  -  1 

69  43  2.1 

-  40  -  6 

- 

_ 

116 

+  47  26  44.06 

9.886  -555 

-  31    0 

75  42  1.8 

-8+1 

+  18 

+  2 

c 

118 

-  7  5  53.89 

9.571  -380 

+  81    0 

75  63  1.6 

-  40  -  5 

0 

-10 

0' 

119 

-  7  48  30.67 

+  5.768  -342 

-3437  +19 

71  43  1.7 

-  32  -  2 

_ 

_ 

i 

123 

+  15  23  10.26 

8.910  -450 

-  27  -  1 

72  93  3.4 

22  1 

-  4 

-  9 

124 

+  17  18  28.76 

8.662  -458 

-  34  -  1 

73  54  2.3 

-  29  -  4 

-21 

-  9 

127 

+  18  57  31.22 

8.213  -470 

-  38  -  1 

71  106  3.0 

-  19  -  4 

-11 

-  9 

128 

+  16  18  29.77 

,    7.466  -467 

-  191  -  1 

64  181  7.7 

-  26  -  2 

-17 

-12 

28 


THE     ASTRONOMICAL     JOURNAL. 


N<>»-  531-532 


First  Section  —  (Declination, 

+  82° 

to  -21°  50'). 

B- 

-N 

B- 

-A 

No. 

Xame  and  Magnitude 

R.A.  1000 

Ann.  V.  and  Sec.  V. 

f 

md  100  J/i 

Ep.  and  Wt. 

Ja 

J^x 

Ja 

Jp 

0001 

0001 

.0001 

T      p. 

P- 

.001 

.0001 

.001 

.0001 

130 

T  Tauri 

4.3 

ii 
4 

36  14.523 

+  3.5965 

+ 

120 

+ 

'  4 

'() 

74     53 

2.0 

s 

-   6 

• 
-   3 

+  15 

+   7 

133 

/x  Kridaiii 

4.1 

4 

40  30.111 

2.9981 

+ 

55 

+ 

i:; 

II 

75     76 

2.0 

-   7 

+   1 

+  32 

+   9 

134 

H  Camelop. 

4.4 

4 

44     6.327 

5.9352 

+ 

677 

+ 

lu 

0 

72     77 

1.9 

-66 

-28 

+  36 

+  16 

135 

I  Aurigae 

2.9 

4 

50  28.808 

3.9016 

+ 

141 

+ 

7 

0 

74  102 

2.2 

+   2 

-    1 

-   9 

+   2 

13G 

/3  Camelop. 

4.2 

4 

54  31.222 

5.3204 

+ 

407 

+ 

•■'• 

0 

75     64 

1.4 

+  39 

+   8 

+  13 

+   5 

137 

I  Aui-igae 

3.2 

4 

.54  47.487 

+  4.297.". 

+ 

192 

+ 

4 

0 

CO     51 

2.8 

-34 

-   8 

+   5 

+   7 

1.38 

^  Aurigae 

3.9 

4 

55  29.189 

4.18(i6 

+ 

172 

+ 

10 

0 

73     44 

1.7 

-10 

-   4 

+   7 

+  10 

139 

I  Taui-i 

4.7 

4 

57     7.075 

3.5829 

+ 

92 

+ 

52 

0 

68     37 

1.7 

-  2 

-   4 

+  31 

+  8 

140 

Yj  Auiigae 

3.3 

4 

59  30.044 

4.2004 

+ 

163 

+ 

26 

-  1 

69     57 

2.3 

-29 

-13 

+   4 

+   3 

142 

/3  Eridaiii 

2.9 

5 

2  55.999 

2.9482- 

+ 

43 

- 

59 

-  1 

77     56 

2.0 

-17 

-   3 

+  39 

+  12 

143 

A.  Eridaiii 

4.3 

5 

4  21.630 

+  2.8698 

+ 

.  40 

+ 

2 

0 

7.3     37 

1.1 

_   7 

-   4 

+  33 

+  12 

144 

19  H  Camelop. 

5.1 

5 

()     4.177 

9.8036 

+  2022 

— 

274 

-   9 

78     40 

1.1 

—  55 

-   1 

+  98 

+  51 

145 

rt  Aurigae 

0.2 

5 

9  18.012 

4.4259 

+ 

157 

+ 

82 

—   5 

64  129 

6.3 

-23 

-   5 

-   8 

+  6 

146 

j8  Orion  IS 

0.3 

5 

9  43.897 

2.8817 

+ 

39 

+ 

1 

0 

67  169 

7.4 

0 

0 

+  30 

+   S 

147 

y  Orionis 

1.7 

5 

19  46.028 

3.2163 

+ 

46 

- 

4 

0 

74     58 

2.8 

0 

+   1 

+  30 

+  9 

148 

/3  Tauri 

1.8 

5 

19  58.189 

+  3.7900 

+ 

77 

+ 

24 

-    1 

('.6  164 

7.4 

-   3 

-   1 

+   3 

+   6 

149 

Gr.  966 

6.3 

5 

26  20.993 

7.9978 

+ 

704 

— 

10 

+    1 

74     76 

1.6 

+   .3 

_   7 

+  54 

+  15 

150 

8  Orionis 

2.5 

5 

26  53.844 

3.0638 

+ 

37 

+ 

1 

0 

69  145 

4.9 

—   5 

+   1 

+  41 

+  11 

152 

«  Leporis 

2.7 

5 

28  19.173 

2.6451 

+ 

29 

+ 

2 

0 

68     80 

2.4 

-10 

2 

+  25 

+   7 

154 

£  Orionis 

1.7 

5 

31     8.335 

3.0430 

+ 

34 

0 

0 

69  129 

4.4 

-   4 

0 

+  39 

+   9 

155 

^  Tanri 

3.0 

5 

31  40.074 

+  3.5839 

+ 

51 

+ 

o 

0 

72     58 

2.0 

-   8 

-   3 

+  16 

+   3 

156 

^  Orionis 

1.9 

5 

35  42.767 

3.0265 

+ 

31 

+ 

5 

0 

66     57 

3.3 

-  5 

0 

_ 

_ 

158 

K  Orionis 

2.2 

5 

43     0.811 

2.8445 

+ 

26 

+ 

1 

0 

74     72 

2.6 

-15 

0 

+  29 

+   8 

160 

It  Orionis 

0.9 

5 

49  45.463 

3.2474 

+ 

26 

+ 

19 

0 

66  176 

7.6 

-   9 

-    1 

+  31 

+   8 

161 

/i  Aurigae 

2.1 

5 

52  11.607 

4.4007 

+ 

36 

- 

44 

0 

69     74 

2.8 

-30 

-   6 

-   3 

+   5 

162 

$  Aurigae 

2.7 

5 

52  54.122 

+  4.0909 

+ 

28 

+ 

44 

-  1 

75     55 

1.6 

-  8 

-   3 

-   4 

+  4 

165 

Tj  (ieminorum 

3.5 

6 

8  50.489 

3.6221 

+ 

5 

_ 

44 

0 

71     86 

2.3 

-24 

-   5 

+   6 

+   3 

168 

fi.  Geminorura 

3.2 

6 

16  54.659 

3.6306 

_ 

7 

+ 

44 

-  1 

69  128 

4.1 

-   4 

-   2 

+   8 

+  2 

169 

P  Can.  Maj. 

2.0 

6 

18  17.747 

2.6415 

+ 

16 

_ 

4 

0 

73     58 

1.9 

-   3 

+   2 

+  24 

+  9 

171 

V  Gemiuorum 

4.1 

6 

23     1.540 

3.5630 

- 

11 

- 

6 

0 

77     40 

1.4 

+   6 

-   1 

- 

- 

173 

•y  Geminorum 

1.9 

6 

31  56.119 

+  3.4671 



17 

+ 

31 

0 

74  1.36 

3.3 

-   3 

_   2 

+  20 

+   6 

175 

e  Geminorum 

3.2 

6 

37  46.812 

3.69.35 

_ 

38 

0 

0 

72     71 

3.1 

+   5 

+   1 

+  12 

+  6 

17fi 

t'  Geminorum 

3.4 

6 

39  40.630 

3..3686 

— 

21 

_ 

77 

-  1 

77     63 

2.1 

-   1 

-   1 

+  16 

+   5 

ISL' 

^  Geminorum 

4.0 

6 

58  10.711 

3.5613 

— 

52 

_ 

3 

0 

73     91 

2.7 

0 

-   1 

+  11 

+   3 

Ks;; 

y  Can.  Maj. 

4.1 

6 

59  14.060 

2.7144 

+ 

4 

0 

0 

71     73 

1.6 

-   9 

-   3 

+  11 

0 

186 

X  Geminorum 

3.6 

7 

12  20,797 

+  3.4507 



57 

_ 

33 

0 

77     79 

2.6 

-14 

-  4 

+  i(; 

+   4 

188 

8  Geminorum 

3.6 

7 

14     9.097 

3.5873 

_ 

75 

_ 

13 

0 

69  133 

3.6 

-10 

-   3 

+  15 

+   4 

190 

t  Geminorum 

3.9 

7 

19  31.006 

3.7319 

— 

104 

_ 

86 

0 

73     61 

2.6 

-   4 

-   1 

+    5 

+   4 

192 

Gr.  1308 

5.8 

7 

20  28.648 

6.2855 

— 

855 

— 

5 

_   2 

72     61 

1.2 

-94 

-24 

+    7 

+   5 

193 

^  Can.  miu. 

3.1 

7 

21  43.693 

3.2559 

- 

43 

- 

34 

0 

76     98 

2.6 

-   9 

_   2 

+  19 

+   5 

195 

K  Geminorum 

3.7 

7 

38  24.696 

+  3.6278 



HI 



18 

0 

74     54 

1.5 

-16 

-   4 

+  18 

+   7 

196 

/?  Geminorum 

1.2 

7 

39  11.869 

3.6776 

— 

128 

— 

471 

+  1 

66  167 

7.7 

+   2 

-    1 

+  15 

+   5 

199 

4>  Geminorum 

5.0 

7 

47  22.708 

3.6785 

_ 

132 

_ 

21 

0 

68     30 

1.4 

-10 

-    1 

_ 

_ 

202 

X  Geminorum 

5.1 

7 

57  22.664 

3.6921 

_ 

150 

_ 

16 

0 

75     76 

1.6 

-23 

—   5 

0 

+  3 

206 

j8  Caneri 

3.7 

8 

11     5.565 

3.2568 

- 

72 

- 

35 

0 

76  112 

2.7 

+   4 

0 

+  18 

+  3 

209 

0  Ursae  Maj. 

3.5 

8 

21  57.602 

+  5.0230 

_ 

768 

_ 

167 

o 

70     78 

3.6 

-36 

—   7 

+  18 

+  10 

210 

TJ  Caneri 

5.5 

8 

26  55.635 

3.4762 

_ 

132 

_ 

26 

0 

74     85 

1.5 

+  5 

-   1 

+   6 

+  2 

212 

y  Caneri 

4.8 

8 

37  30.025 

3.4788 

_ 

143 



73 

0 

72     51 

1.9 

—   7 

_   2 

_ 

_ 

213 

8  Caneri 

4.2 

8 

39     0.194 

3.4154 

_ 

128 

_ 

12 

-  1 

72     75 

2.6 

-13 

-   3 

+  10 

+   5 

214 

£  Hydrae 

3.5 

8 

41  28.871 

3.1808 

- 

71 

- 

127 

0 

72  138 

3.9 

-   6 

0 

+  .33 

+   8 

216 

I  Ursae  Maj. 

3.1 

8 

52  21.821 

+4.1292 

_ 

445 

_ 

437 

+  1 

67     96 

3.4 

o 

o 

+   2 

+   5 

217 

«^  Caneri 

4.3 

8 

53     1.148 

3.2861 

_ 

98 

+ 

25 

0 

73     82 

2.4 

+   3 

+   1 

+  28 

+   8 

219 

K  Ursae  Maj. 

3.7 

8 

56  48.042 

4.1169 

_ 

434 

_ 

30 

0 

73     60 

1.8 

-26 

-  3 

-   1 

+   8 

220 

(T^  Ursae  Maj. 

4.8 

9 

1  35.984 

5..3420 

_ 

1334 

_ 

4 

2 

71     41 

1.6 

-35 

-   1 

+  23 

+  17 

221 

ic  Caneri 

5.2 

9 

2  19.913 

3.2539 

- 

94 

- 

14 

0 

75     79 

2.0 

—   5 

_   2 

- 

- 
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First  Section  —  (Declination,  +82°  to - 

21°  50'). 

1 

B-N 

B- 

A 

No. 

Decl.  1900 

Ann.  V.  and  Sec.  V. 

fi'  and  100  J//' 

Ep.  and  \Vt. 

J  8   J/ 

J8 

-J/^' 

.001 

.001 

.001 

T     1,6       ]K- 

.01  .001 

.01 

.001 

130 

+  22°  45  54"31 

+  7^141  -493 

-  "23 

"0 

72  54  2.1 

-"28  -'4 

-13 

-10 

133 

_  3  26  16.50 

6.805  -414 

-   10 

0 

78  60  1.6 

-  29  -  1 

+  17 

-  4 

134 

+  66  10  22.51 

6.523  -821 

+    5 

0 

72  96  3.4 

-  6    0 

+  9 

+  3 

F19 

135 

+33  0  27.84 

5.961  -546 

-  27 

0 

72  92  2.6 

-  41  -  6 

2,3 

-13 

13() 

+  60  17  46.19 

5.637  -746 

-  13 

0 

72  58  2.3 

-  12  -  2 

+  17 

+  4 

FIO 

137 

+  43  40  31.33 

+  5.612  -604 

-  15 

0 

64  58  3.1 

-  21  -  2 

+  4 

-  3 

138 

+  40  55  47.52 

■5.539  —589 

-  30 

0 

71  38  1.7 

-  47  -  8 

—  25 

-13 

139 

+  21  26  49.70 

5.383  -506 

-  49 

-  1 

67  36  1.7 

+  4    0 

-  3 

-13 

140 

+  41  5  57..36 

5.156  -594 

—  75 

0 

68  61  2.6 

-  11  -  3 

-11 

-10 

142 

-  5  12  56.44 

4.861  -418 

-  .  79 

+  1 

80  58  2.2 

-  30  -  5 

+  13 

-  6 

143 

-  8  52  56.39 

+  4.811  -408 

-   8 

0 

74  30  1.1 

-  23    0 

_  7 

-11 

144 

+  79  6  59.13 

4.828-1388 

+  154 

+  4 

78  45  1.2 

-  2    0 

+  7 

+  8 

145 

+  45  53  46.95 

3.970  -633 

-  429 

-  1 

63  151  7.7 

-  14    0 

+  24 

-  1 

14(i 

-  8  19  1.67 

4.361  -412 

-   1 

0 

67  150  6.7 

-27  +  1 

+  8 

-  9 

147 

+  6  15  32.76 

3.482  -463 

-  19 

0 

75  65  3.2 

-  25  -  2 

+  9 

-  6 

148 

+  28  31  22.91 

+  3..307  -546 

-  177 

0 

64  163  7.0 

-  18    0 

-14 

—  9 

149 

+  74  58  40.00 

2.955-1155 

+  22 

0 

76  61  1.4 

+     5   +   0 

+  31 

+  12 

74  V,  Cam. 

150 

-  0  22  23.36 

2.882  -443 

-   3 

0 

67  128  4.8 

-  30  -  1 

-10 

-11 

152 

-17  53  37.76 

2.765  -383 

+   3 

0 

66  64  2.5 

-11  +  3 

+  41 

-  8 

154 

-  1  15  56.76 

2.516  -441 

0 

0 

69  106  3.9 

-  37  -  3 

+  5 

-  4 

155 

+  21  4  53.63 

+  2.444  -520 

-  28 

0 

71  59  2.3 

-4  +  4 

-10 

-  7 

156 

-  1  59  43.72 

2.113  -440 

—   7 

0 

68  51  2.9 

-7  +  7 

- 

- 

158 

-  9  42  18.48 

1.479  -414 

—   5 

0 

78  64  2.1 

-  24  -  2 

+  5 

-10 

160 

+  7  23  18.41 

0.904  -474 

+   8 

0 

64  169  7.2 

-  21  -  1 

-18 

-12 

161 

+  44  56  14.48 

0.678  -641 

—   5 

0 

67  92  4.9 

-16+1 

+  14 

+  1 

162 

+  37  12  20.19 

+  0.531  -597 

-  90 

0 

73  56  2.3 

-22  +  1 

-19 

-10 

165 

+  22  32  9.01 
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62  138  6.8 

-  15  -  3 

+  11 

+  6 

270 

+  7  52  35.91 

-19.407 

-108 

-  47 

+  1 

72  90  3.6 

-  45  -  6 

-21 

-11 

271 

+  45  2  27.88 

19.490 

-111 

-  38 

0 

71  91  4.0 

-  33  -  5 

+  3 

_  0 

273 

+  21  4  17.57 

19.693 

-  95 

-  145 

0 

68  147  5.6 

-  29  -  4 

-43 

-19 

274 

+  15  58  34.05 

19.638 

-  93 

-  86 

0 

75  58  2.2 

-  23  -  1 

-27 

-15 

275 

+  33  38  23.53 

19.613 

-  88 

+  15 

0 

71  48  2.4 

-  57  -11 

-39 

-16 

276 

-14  14  14.58 

-19.455 

-  78 

+   195 

0 

70  113  3.7 

-  24    0 

+  23 

-10 

277 

+  6  34  38.48 

19.693 

-  78 

-  15 

0 

71  80  3.2 

-  47  -  2 

-23 

-12 

279 

+  11  4  48.15 

19.807 

-  74 

-  85 

0 

76  64  2.4 

-  32  -  1 

-16 

-  9 

280 

-17  8  5'>5 

.  19.744 

-  67 

-   4 

0 

73  22  1.0 

-44  +  2 

+  18 

—  7 

281 

+  3  33  28  93 

19.594 

-  ()4 

+  173 

+  1 

67  29  1.6 

-  78  -13 

- 

- 

282 

+  3  24  25.01 

-19.802 

-  64 

-  19 

0 

69  60  2.5 

-  35  -  2 

_ 

_ 

283 

+  69  52  58.80 

19.844 

—  70 

-  24 

0 

72  112  4.8 

-  14  -  4 

+  5 

+  5 

286 

-  0  16  18.10 

19.861 

-  46 

+  35 

0 

72  113  3.4 

-  39  -  4 

-19 

-10 

,  287 

+  75  ?3  0-' 

20.163 

-  29 

-  187 

0 

62  31  1.8 

-  30  -  1 

_ 

- 

■  288 

+  48  20  1.82 

19.960 

-  30 

+   16 

0 

72  83  3.6 

-  22  -  4 

+  5 

0 

289 

+  15  7  51.62 

-20.121 

oo 

-  123 

0 

65  166  7.5 

-  31  -  5 

-37 

-16 

290 

+  2  19  4L51 

20.286 

-  21 

-  279 

0 

()8  120  5.9 

-  46  -  5 

-21 

-14 

291 

+  54  15  2.72 

20.019 

-  15 

+   3 

0 

64  139  7.5 

-  7  -  1 

+  1G 

+  4 

292 

+  7  10  18.80 

20.076 

0 

-   33 

0 

71  51  2.4 

-  20  -  1 

- 

- 

293 

+  9  17  18.01 

20.0(19 

+  9 

+  38 

0 

76  103  3.3 

-17+6 

-19 

-13 

298 

+  78  10  18.82 

-20.018 

+  2*^ 

+   18 

0 

77  S7  2.4 

-  14  -  1 

-  1 

+  4 

300 

+  57  35  17.61 

20.023 

+  29 

+   3 

0 

67  85  4.7 

-  20  -  2 

^-  5 

+  1 

301 

16  59  1"30 

20.014 

+  29 

+   11 

0 

70  3S  1.9 

—  57  —  5 

-10 

-17 

304 

-  0  6  40.02 

20.030 

+  37 

—  25 

0 

73  138  4.4 

-21+2 

-11 

-10 

305 

+  3  52  9.60 

20.080 

+  38 

-  78 

0 

62  23  1.6 

52 
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N"»- .53 1-5.32 

FiitsT  Section  —  (Decl 

ination,   +82°  to 

-21"'  50'). 

1                           1 

1 

1 

B-N 

1 

B- 

-A 

No. 

Niimo  iinil  .MaKnitu.l.-   1         K.A.IiKK)         | 

Ann.  V.  and  Sec.  V.  | 

/i  and  100  Jf 

Ep.  and  Wt. 

Jo 

J^ 

Jo 

J/i 

0001 

.0001    .0001 

T      p.    p. 

.001 

.0001 
-"  6 

.001 

.0001 

307 

y  Comae  Ber. 

4.6 

12  21  57.314 

+  2^9957   - 

124 

-  '  63 

'o 

72     21  0.9 

"o 

' 

* 

308 

8-  Corvi 

3.1 

12  24  41.348 

3.0990   + 

119 

-    144 

0 

72     70  1.8 

-10 

— 

4 

+  33 

+   9 

310 

(3  Caiium  Veu. 

4.3 

12  28  59.717 

2.8582   - 

193 

-    628   + 

5 

74     36  1.4 

-41 

-11 

+    2 

+   4 

312 

K  Draconis 

3.9 

12  29  13.002 

2.5849   - 

529 

-    118   + 

3 

71     88  2.7 

-45 

— 

(; 

+2(; 

+  1.3 

316 

£  Ursae  Maj. 

1.8 

12  49  37.886 

2.6524   - 

272 

+    140   - 

•> 

71     74  3.1 

-    1 

+ 

1 

+    6 

+    8 

317 

S  Virginis 

3.7 

12  50  33.958 

+  3.0205   + 

27 

-   317 

0 

74     99  2.9 

0 

+ 

1 

+  .32 

+   7 

318 

a  Cauiim  Veil. 

2.8 

12  51  21.070 

2.8132  - 

147 

-    199   + 

1 

68  110  3.8 

+  10 

+ 

•i 

+  15 

+  12 

320 

£  Virginis 

3.0 

12  57  11.941 

2.9866   - 

5 

-    186 

0 

77  110  2.6 

—    2 

(1 

+  27 

+   9 

321 

6  Virginis 

4.4 

13     4  46.299 

3.1026   + 

79 

-      24 

0 

74  115  2.7 

+  10 

+ 

6 

+  41 

+  10 

322 

53  Virginis 

5.1 

13     6  44.158 

3.1862   + 

141 

+      63   + 

1 

69     17  0.9 

- 

- 

- 

- 

323 

/3  Comae  Ber. 

4.3 

13     7  12.449 

+  2.8032   - 

76 

-    604    + 

1 

76     60  2.0 

-18 

— 

.5 

+   8 

+   5 

324 

61  Virginis 

4.8 

13  13  10.348 

3.1313   + 

156 

-    754 

0 

71     24  1.3 

-   4 

— 

2 

- 

- 

326 

f  Ursae  Maj. 

2.1 

13  19  54.022 

2.4242   — 

172 

+   149   - 

2 

71     68  3.0 

-32 

— 

5 

+    1 

+  9 

327 

a  Virginis 

1.2 

13  19  55.426 

3.1553  + 

116 

-      28 

0 

66  174  7.6 

—   7 

0 

+  38 

+  11 

330 

i  Virginis 

3.4 

13  29  35.826 

3.0540   + 

64 

-   191 

0 

74  146  3.7 

+  11 

+ 

4 

+  42 

+  13 

332 

82  Virginis 

5.3 

13  36  21.752 

+  3.1440   + 

108 

-     69 

0 

75     60  1.6 

+   8 

+ 

4 

_ 

_ 

333 

T  Bootis 

4.5 

13  42  30.612 

2.8510   ^ 

5 

-   340   + 

1 

75     71  1.9 

+   6 

+ 

1 

+  24 

+  10 

334 

ri  Ursae  Maj. 

1.9 

13  43  36.059 

2.3690   - 

100 

-   122   + 

1 

67  133  5.8 

-16 

— 

4 

+   4 

+   7 

336 

r]  Booti* 

2.8 

13  49  55.396 

2.8567   - 

3 

-     45   + 

1 

71   153  4.7 

—   7 

— 

1 

+  26 

+    7 

337 

T  Virginis 

4.3 

13  56  33.406 

3.0506   + 

65 

+     13 

0 

74  112  2.8 

+   3 

+ 

3 

+  41 

+  11 

340 

«  Draconis 

3.6 

14     1  40.899 

+  1.6228   + 

50 

-     80   + 

1 

69  107  4.4 

-45 

_ 

8 

+  21 

+  12 

341 

K  Virginis 

4.3 

14     7  33.618 

3.1949   + 

123 

+       5 

0 

72     86  2.8 

5 

— 

1 

+  41 

+  10 

342 

I  Virginis 

4.2 

14  10  46.194 

3.1409   + 

106 

-      12   + 

2 

76     52  1.8 

+  12 

0 

+  63 

+  12 

344 

«  Bootis 

0.3 

14  11     5.999 

2.7352   + 

25 

-   781   +11 

66  176  7.7 

-    1 

+ 

1 

+  .33 

+    8 

345 

X  Bootis 

4.3 

14  12  34.962 

2.2833   - 

49 

-   177 

0 

73     53  2.0 

-25 

— 

6 

+   5 

+  8 

346 

A.  Virginis 

4.5 

14  13  41.853 

+  3.2396  + 

141 

-     15 

0 

71     55  1.7 

+  19 

+ 

9 

- 

_ 

347 

6  Bootis 

4.2 

14  21  47.566 

2.0430   - 

11 

-   260   + 

7 

72     78  3.0 

-26 

— 

5 

+   2 

+   6 

348 

p  Bootis 

3.7 

14  27  31.229 

+  2.5864   - 

16 

-     76 

0 

75     99  2.5 

—   7 

— 

3 

+  14 

+    8 

349 

5  Ursae  min. 

4.4 

14  27  43.907 

-0.1791    +1174 

+     34  - 

2 

70     45  2.1 

+  .33 

+  11 

- 

- 

350 

y  Bootis 

3.0 

14  28     3.088 

+  2.4172   - 

28 

-     95 

0 

73     .58  2.3 

-17 

— 

4 

+   9 

+  11 

353 

IX  Virginis 

3.9 

14  37  47.359 

+  3.1571    + 

107 

+     71    + 

1 

77     61  2.0 

-   6 

+ 

1 

+  49 

+  15 

355 

£  Bootis 

2.6 

14  40  37.193 

2.6202   + 

1 

-     36 

0 

69  126  3.9 

+   3 

0 

- 

- 

356 

8  Librae 

5.3 

14  45     9.261 

3.3112   + 

155 

-     70 

0 

66     66  3.0 

+   8 

+ 

3 

+  41 

+  13 

357 

a  Librae 

2.9 

14  45  20.704 

+  3.3118  + 

155 

-     74 

0 

67  150  5.7 

+  13 

+ 

4 

+  38 

+  12 

358 

/3  Ursae  min. 

2  2 

14  50  59.588 

-0.2205   +1005 

-     74   + 

2 

66  127  5.6 

-61 

- 

9 

+  29 

+  16 

359 

^■-  Librae 

5.7 

14  51  20.446 

+  3.2489   + 

130 

2 

0 

72     48  1.8 

+   9 

+ 

4 

- 

- 

362 

8  Librae 

4.9 

14  55  37.707 

3.2001   + 

116 

-      45 

0 

71     20  1.0 

+  22 

+ 

6 

- 

- 

363 

/8  Bootis 

3.6 

14  58  10.750 

2.2597   + 

1 

-     39   + 

1 

74     82  2.0 

-12 

— 

3 

+  15 

+  10 

366 

i/f  Bootis 

4.6 

15     0     9.630 

2.5700   + 

12 

-   134   + 

1 

74     66  1.5 

-10 

— 

2 

+   4 

+  5 

369 

i'  Librae 

4.7 

15     6  31.196 

3.4121   + 

171 

-     26 

0 

72     49  1.4 

+  25 

+ 

5 

+  57 

+  17 

371 

8  Bootis 

3.5 

15  11  28.269 

+  2.4188   + 

11 

+      71 

0 

75     60  1.8 

-10 

_ 

3 

+   2 

+   5 

372 

/3  Librae 

2.8 

15  11  37.482 

3.2230  + 

118 

-     67 

0 

70  146  4.4 

_   2 

— 

1 

+  33 

+   8 

373 

0^  Librae 

6.8 

15  17  27.053 

3.3397   + 

142 

—        2 

0 

69     23  0.9 

-    1 

+ 

3 

- 

- 

374 

1]  Coron.  Bor. 

5.0 

15  19     4.398 

2.4779   + 

18 

+   101    + 

1 

71     21  1.4 

+   5 

+ 

4 

- 

- 

376 

^'  Bootis 

4.3 

15  20  42.747 

2.2656   + 

14 

-   126 

0 

68     54  1.8 

—  22 

- 

,5 

+   8 

+   7 

377 

y  Ursae  min. 

3.1 

15  20  53.046 

I  -0.1273   + 

738 

-     25 

0 

67     94  4.1 

-62 

_ 

6 

+31 

+  16 

378 

^'  Librae 

6.0 

15  22  36.948 

!  +3.3770  + 

148 

+     11 

0 

74     55  1.5 

+  16 

+ 

5 

- 

- 

379 

I  Draconis 

3.4 

15  22  42.245 

1.3293  + 

132 

_       7 

0 

74     56  1.2 

-95 

— 

21 

-12 

+  3 

380 

P  Coron.  Bor. 

3.7 

15  23  42.356 

2.4732   + 

19 

-   133 

0 

76     48  1.5 

-14 

— 

3 

+  15 

+   9 

383 

37  Librae 

4.9 

15  28  42.690 

3.2735   + 

119 

+   203   + 

1 

70     22  1.2 

- 

- 

- 

- 

384 

y  Librae 

4.1 

15  29  55.874 

+  3.3503  + 

136 

+     47 

0 

72     47  1.5 

—   7 

0 

+  47 

+  13 

385 

n  Coron.  Bor. 

2.3 

15  30  27.223 

2.5391   + 

25 

+     90 

0 

67  164  7.0 

-    1 

0 

+  18 

+   7 

386 

^  Coron.  Bor. 

4.6 

15  35  36.748 

2.2594  + 

22 

-       4 

0 

71     32  0.8 

+   7 

+ 

1 

+  37 

+  16 

387 

K  Librae 

5.0     15  36  11.018 

3.4492  + 

157 

-     31   + 

1 

73     28  1.4 

+  18 

+ 

4 

- 

- 

.SSS 

r;  Librae 

5.5     15  .",8  L'fi.789 

3.3689  + 

137 

1  -     26 

0 

67     21  1.1 

- 

- 

- 

- 

N°-'- 531-532 
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First  Section 

—  (Declinat 

on,  +  82°  to  — 

21°  50'). 



1 

B  — 

N 

B- 

-A 

No. 

Decl.  1900 

Ann.  V.  and  Sec.  V. 

fii  and  100  J/i'  | 

Ep.  and  Wt. 

j8 

J^ 

jS 

J/ 

.001 

.001   .001 

T  p>     p,. 

.01 

.001  1 

.01 

.001 

307 

+  28  49  27.30 

-20.042  +  50 

_' 

87   "o 

71  29  1.5 

-'23 

+  ' 

1 

'_ 

_ 

308 

-15  57  31.46 

20.074  +  57 

_ 

143    0 

76  62  2.0 

-  24 

+ 

5 

+  25 

-  8 

310 

+  41  54  2.87 

19.607  +  60 

+ 

280  -  1 

71  41  1.7 

-  18 

0 

+  5 

-  1 

F8 

312 

+  70  20  21.95 

19.878  +  56 

+ 

6    0 

66  95  4.8 

-  8 

— 

4 

+  11 

+  7 

316 

+  56  30  9.29 

19..591  +  92 

- 

12    0 

71  74  3.4 

-  9 

0 

+  24 

+  7 

317 

+  3  56  26.80 

-19.625  +104 

_ 

64-1 

72  86  3.5 

-  40 

_ 

4 

_  7 

-  9 

318 

+  38  51  29.86 

19.503  +  99 

+ 

43-1 

68  122  4.4 

-  43 

— 

6 

-32 

-14 

F12 

320 

+  11  29  47.55 

19.409  +115 

+ 

17-1 

76  95  3.2 

-  23 

+ 

2 

-19 

-10 

321 

-  5  0  18.83 

19.294  +134 

_ 

42    0 

73  114  4.1 

-  33 

— 

2 

-  4 

_  9 

322 

-15  39  33.16 

19.504  +142 

- 

.301    0 

69  20  0.9 

- 

- 

- 

- 

323 

+  28  23  5.71 

-18.316  +124 

+ 

875  -  3 

75  61  2.0 

-  46 



4 

-27 

-10 

F43 

324 

-17  45  18.49 

20.118  +148 

-1084  -  3 

72  23  1.1 

-  70 

— 

14 

- 

- 

326 

+  55  26  51.03 

18.871  +130 

_ 

30  +  1 

65  67  3.9 

-  26 

0 

-   6 

-  1 

327 

-10  38  22.04 

18.876  +165 

_ 

36    0 

65  166  7.5 

-  44 

— 

4 

+  7 

-10 

330 

-  0  5  5.11 

18.500  +177 

+ 

34  -  1 

73  126  3.8 

-  50 

- 

5 

-16 

-  9 

332 

-  8  11  54.50 

-18.265  +194 

+ 

36    0 

72  49  2.3 

—  22 

+ 

3 

_ 

- 

m 

333 

+  17  57  18.06 

18.050  +185 

+ 

25-2 

75  61  2.0 

-  28 

— 

9 

^27 

-14 

334 

+  49  48  44.24 

18.0,54  +158 

— 

21  -  1 

65  160  8.3 

—  5 

+ 

2 

+  11 

+  1 

336 

+  18  53  55.90" 

18.152  +200 

_ 

367    0 

70  152  5.2 

-  30 

— 

4 

-3() 

-15 

337 

+  21  42.10 

17.535  +224 

- 

25    0 

75  88  2.1 

-  29 

+ 

4 

+  10 

-  3 

340 

+  64  51  13  5? 

-17.272  +127 

+ 

15-1 

70  125  5.4 

0 

+ 

4 

+  24 

+  10 

341 

-  9  48  30.13 

16.891  +253 

+ 

130    0 

74  80  3.0 

-  29 

— 

2 

-  4 

-15 

342 

-  5  31  24.44 

17.298  +255 



427    0 

75  49  1.9 

-  33 

0 

+  10 

-  6 

344 

+  19  42  10.43 

18.858  +217 

_ 

2003  -  6 

65  186  8.5 

-  23 

0 

-29 

-12 

345 

+  46  32  50.57 

16.634  +188 

+ 

151  -  1 

74  66  3.2 

-  20 

0 

+  9 

-  1 

346 

-12  54  39.13 

-16.708  +267 

+ 

23    0 

68  52  2.2 

-  12 

+ 

3 

_ 

_ 

347 

+  52  IS  46.32 

16.737  +178 

— 

406  -  2 

73  97  4.6 

-  13 

— 

1 

-  6 

-  4 

348 

+  30  48  .36.73 

15.925  +233 

+ 

110  -  1 

76  98  2.6 

—  33 

— 

3 

-32 

-14 

349 

+  76  8  26.02 

16.007  -  9 

+ 

17    0 

65  51  2.7 

-  18 

_ 

4 

- 

- 

350 

+  38  44  43.92 

15.864  +218 

+ 

143  -  1 

68  62  3.1 

-  33 

- 

2 

-  9 

-  4 

353 

-  5  13  24.80 

-15.802  +300 



322  +  1 

77  51  1.8 

-  21 

0 

+  7 

—  5  \ 

355 

+  27  29  44.25 

15.314  +253 

+ 

8    0 

66  127  5.1 

—  27 

- 

2 

- 

- 

356 

-15  34  53.67 

15.141  +324 

_ 

78  -  1 

68  44  2.1 

-  49 

— 

4 

+  46 

-   6 

«' 

357 

-15  37  34.85 

15.129  +325 

_ 

77-1 

67  134  5.8 

-  36 

0 

+  .38 

—  7 

«- 

358 

+  74  .33  51.10 

14.716  -  16 

+ 

5  -  1 

65  161  7.7 

+  5 

+ 

2 

+  26 

+  11 

359 

-11  0  22.34 

-14.703  +328 



2    0 

70  41  2.1 

-  27 



1 

_ 

_ 

362 

-  8  7  19.97 

14.454  +329 

— 

11    0 

69  23  1.1 

-  15 

+ 

4 

- 

- 

363 

+  40  47  5.37 

14.330  +237 

_ 

43    0 

73  82  2.4 

-  30 

— 

3 

+  3 

-  3 

366 

+  27  20  14.54 

14.184  +270 

_ 

19  -  1 

73  61  1.7 

-  34 

— 

5 

-29 

-13 

369 

-19  24  48.10 

1.3.815  +367 

- 

49    0 

71  40  1.7 

+  8 

+ 

4 

+  40 

-10 

371 

+  33  41  1.'>.66 

-13.575  +268 

_ 

127  +  1 

74  67  1.9 

-  29 

_ 

1 

-25 

-12 

372 

-  9  0  50. 7() 

13.468  +354 

_ 

30  -  1 

70  152  5.9 

-  38 

— 

6 

+  3 

-10 

373 

-14  46  37.98 

13.053  +375 

+ 

3    0 

71  20  0.8 

-  21 

0 

- 

- 

374 

+  .30  .38  .55.33 

13.147  +283 

_ 

199  +  1 

65  23  1.4 

—  28 

— 

1 

_ 

- 

376 

+  37  43  39.65 

12.760  +258 

+ 

78  -  1 

68  60  2.2 

-  35 

- 

3 

-24 

-11 

377 

+  72  11  23.27 

-12.814  -  9 

+ 

12    0 

68  94  5.4 

-  (i 



1 

+  11 

+  10 

378 

-16  22  4.69 

12.75.3  +.386 

— 

43    0 

74  47  1.1 

-  24 

0 

- 

- 

379 

+  59  18  58.46 

12.697  +156 

+ 

7    0 

74  68  2.4 

—  9 

— 

3 

-12 

-  4 

380 

+  29  27  0.84 

12.560  +284 

+ 

76  -  2 

76  55  1.6 

-  32 

— 

•> 

-  6 

—  5 

383 

-  9  43  18.67 

12.537  +.385 

- 

244  +  2 

69  22  1.0 

- 

- 

- 

384 

-14  27  22.03 

-12.210  +.393 

_ 

2  +  1 

72  42  1.8 

-  59 

_ 

8 

-14 

-16 

385 

+  27  3  3.74 

12.274  +300 

— 

102  +  1 

67  171  8.4 

-  26 

— 

2 

-29 

-13 

386 

+  36  57  37.09 

11.819  +271 

— 

8    0 

70  33  1.2 

-  23 

+ 

3 

0 

-  3  ; 

387 

-19  21  17.39 

11.889  +412 

_ 

119    0 

70  24  1.5 

-123 

_ 

13 

- 

- 

388 

15  21  15..53 

11.687  +405 

- 

78    0 

66  22  1.0 

- 

- 

- 

- 
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First  Section  — (Declination,  +82°  to  -21°  50'). 

B— N     : 

B-A 

No. 

Name  and  Slagn 

tudo            U.A.  1900 

Ann.  V.  and  Sec.  V.       ^  and  100  J/t        Ep.  and  Wt. 

Ja          ■Jfi     \ 

Ja         J^ 

.0001   1        .0001    .0001       T       Pa   p,     : 

.001  .0001 

.001  .0001 

389 

■y  Coron.  Bor. 
«  Serpentis 

3^9     15\38"  32.595 

+  2.5188   +     27      -     75         0  i  72     31   1.1  i 

-32     -  '4 

+'10     +'  7 

390 

2.S  !  15  39  20.511 

2.9522   +     61  '  +     90         0      08  181  7.2 

+   4     +    1 

+  36     +  8  ' 

391 

/3  Serpentis 

3.7     15  41  34.330 

2.7673   +     43 

+     49         0  !  73     52   1.8  1 

-24     -   6 

+  25    +   7 

392 

ft.  Serpentis 

3.0  ! 

15  44  24.040 

3.1270   +     88 

-     59         0  1  73     49  1.5  1 

+   7-1 

+  49     +14 

393 

I  Serpentis 

3.8 

15  45  49.835 

2.9875    +     05 

+      83         0      75     98  2.6  ' 

+   5+1 

+  35     +10 

395 

t  Ursae  luin. 

4.3 : 

15  47  37.360 

-2.2339   +2001 

+     79-2      00  107  4.0 

-13     -   4 

+  78     +28 

396      e  Librae 

4.4  1 

15  48     7.833 

+  3.4100   +    134 

+     09   -   1   1  65     25  1.0  1 

■     _ 

- 

398 

y  Serpentis 
t  Coron.  r.or. 

4.0 

15  51  50.021 

2.7688   +     57 

+  210   +   7  :  71     69  2.3  i 

-   7          0 

+  29     +11 

400 

4.2 

15  53  26.824 

2.4822   +     31 

-62   +   1      75     47  1.0  : 

+  11     +  4 

+  27     +11 

403 

)8'  Scorpii 

2.7 

15  59  37.260 

3.4817    +   141 

-       8         0      68  109  3.4  j 

+  24    +  3 

+  33     +10 

404 

6  Draconis 

4.1 

16     0     0.888 

+  1.1188   +   136 

-  399   -  4  !  00     07  2.7 

-36    -  8 

+  12     +   8  1 

405 

v^  Scorpii 

4.2 

16     6  10.935 

3.4807   +   135 

-       8         0  !  70     40  1.4 

+  42     +   8 

-  1 

407 

8  Oi>hiiK-hi 

3.0 

16     9     6.252 

3.1401    +     82 

-     33   +   1   '  71   153  4.4  ' 

-  8     -  2  1 

+  29     +   8 

409       £  Ophiuchi 

3.3 

16  13     1.754 

3.1704   +     82  ' 

+     52         0      73     65  2.4 

-  4     -   2 

+  44     +12 

411      T  Herculis 

3.9 

16  16  44.074 

l.SOll    +      51 

-     12         0      74     70  1.5 

—34     -13 

+   7+5 

412  j    V  Herculis 

3.8 

16  17  30..504 

+  2.6449   +      38  : 

-     34         n      73     77  2.4 

-   4           0 

+  22    +10 

i  414 

i/r  Opliiuehi 

4.6 

16  18  15.047 

3.5056   +   128 

-      13         0      69     21  0.9 

- 

- 

415 

t]  Draconis 

2.9 

16  22  38.137 

0.8046   +   183 

-      25-1      68     92  2.9 

-40     —   5 

+  10     +   7 

418 

<^  Ophiuchi 

4.4  1 

16  25  24.852 

3.4287   +   109 

_     38         0      71     24  1.1 

- 

- 

419 

A.  Ophiuchi 

3.8 

16  25  52.151 

3.0228   +     63 

-     24         0      72     56  1.6 

-  4     -  2  ' 

+  38     +11 

'  420 

)3  Herculis 

2.8 

16  25  55.232 

+  2.5768  +     36 

-77         0 

76     69  1.8 

+  13     -   1 

+   7          0 

421 

15  Draconis 

5.0 

16  28  10.580 

-0.1355   +   407 

-     46   -  1 

75     70  1.4 

+   6+2 

+  26     +12 

423 

0-  Herculis 

4.3 

16  30  52.731 

+  1.9323   +     42 

-     11         0 

74     50  1.7 

-20    -   6 

-19          0 

424 

f  Ophiuchi 

2.7 

16  31  39.087 

3.2996   +     80 

+       80 

74     88  2.1 

-3+1 

+  38    +12  ; 

425 

24  Scorpii 

o.'l 

10  35  47.312 

3.4651   +   103 

-     17         0 

72     29  1.2 

+  13    +   1 

- 

427 

Tj  Herculis 
K  Ophiuchi 

3.7 

10  39  28.042 

+  2.0550   +     39 

+     28   +   1 

69     68  3.4 

+  2-2 

+   2+6 

434 

3.4 

16  52  56.072 

2.8376  +     43 

-   199         0 

74  142  3.3 

+  2          0 

+.39    +10 

436 

£  Herculis 

3.9 

16  56  27.800 

2.2941   +     31 

-     36         0 

73     78  2.2 

0          0 

+  13    +  7 

437 

■q  Ophiuchi 

2.6 

17     4  38.542 

3.4372   +     71 

+     25   -   1 

70     91  2.9 

+  21     +   8 

+  47     +15 

439 

^  Draconis 

3.2 

17     8  29.784 

0.1661    +   190 

-      21-1 

74     04  2.1 

-   S           0 

+40    +17 

440 

(t'  Herculis 

3.3 

17  10     5.245 

+  2.7340   +     34 

-       8         0 

67.156  6.7 

-   3          0 

+  29     +  8 

441 

8  Herculis 

3.2 

17  10  55.434 

2.4628   +     33 

-18   +   1 

75     45  1.9 

+  8+1 

+  14     +3 

442 

TT  Herculis 

3.3 

17  11  33.827 

2.0881   +     33 

-     23         0 

75     57  1.6 

+  11     +  2 

+  15     +   8 

443 

i  Ophiuchi 

4.4 

17  15     0.630 

3.5928   +     74 

+172+2 

69     30  1.0 

- 

-          - 

452 

P  Draconis 

3.0 

17  28  10.376 

1.3537   +     50 

-     15         0 

68  108  4.8 

0+2 

-2+6 

454 

u  Ophiuchi 

2.1 

17  30  17.535 

+  2.7833   +     33 

+     80   +   2 

68  180  7.3 

-  2          0 

+  39     +11 

455 

f  Serpentis 

3.7 

17  31  51.606 

3.4330   +     46 

-     31         0 

74     31  0.8 

+  19+8 

+  31     +12 

457 

o  Serpentis 

4.7 

17  35  47.650 

3.3699   +     40 

-     49         0 

67     23  1.1 

+22     +   6 

-          - 

458 

I  Herculis 

3.9 

17  36  38.484 

1.6917   +     34 

-     10         0 

74     63  1.7 

-56      -13 

-7+5 

459 

58  Ophiuchi 

4.8 

17  37  26.264 

3.5935   +     45 

-     64         0 

66     22  0.8 

- 

-          - 

460 

1    o  Draconis 

4.9 

17  37  32.136 

-0.3557   +   107 

+     18   -16 

73     42  1.3 

-37     +   1 

-6+8 

461 

i   jS  Ophiuchi 

2.9 

17  38  31.939 

+  2.9623   +     27 

-     28   -   1 

73  110  3.3 

-   8    -   2 

+39     +  9 

463 

fi  Herculis 

3.5 

17  42  32.660 

2.3461   +     38 

—243+6 

73  115  3.0 

-17     -  4 

+  21     +  6 

465 

1^'  Draconis 

4.5 

17  43  42.962 

-1.0761   +   195 

+     31   +18 

73     75  2.4 

+  20    +11 

+  58    +22 

466 

'    i  Draconis 

3.9 

17  51  47.975 

+  1.0366  +     34 

+   122   —  2 

71     56  2.2 

-66    -   9 

+   7     +11 

467 

6  Herculis 

4.0 

17  52  49.398 

+2.0562   +     25 

+       10 

75     43  1.1 

-12     -  5 

+  12     +   8 

468 

V  Ophiuchi 

3.7 

17  53  31.270 

3.3014  +     25 

-       8   +   1 

76     55  1.6 

+   5-1 

+  47     +12 

469 

35  Draconis 

5.0 

17  53  55.547 

-2.6894   +     79 

+  141   -31 

72     42  1.2 

+  6     +20 

+  55    +33 

470 

y  Draconis 

2.4 

17  54  17.028 

+  1.3917   +     31 

-10  +   1 

65  124  6.1 

-20     -   3 

+  3+8 

474 

72  Ophiuchi 

3.7 

18     2  36.515 

2.8433   +     17 

-     42   -   1 

77     92  1.9 

+   1+3 

+  24    +  6 

475  i    0  Herculis 

3.8 

18     3  38.486 

+  2.3392  +     21 

-       1         0 

75     45  1.1 

-5+1 

+  12    +   7 

478 

fi  Sagittarii 

4.0 

18     7  46.992 

3.5876   +       7 

+       30 

67  106  3.0 

+  27     +   7 

+  50     +16 

480 

;36  Draconis 

5.0 

18  13  19.223 

0.3452  -       7 

+   530         0 

66     25  1.8 

-52     -  5 

-10     +  4 

482  i    7)  Serpeptis 

3.4 

18  16     8.123 

3.1030   +     17 

-374+4 

75  103  2.7 

+  21     +  5 

,   +48     +13 

485  ;    X  Draconis 

3.7 

18  22  51.628 

—1.0779  —     85 

+1165  +30 

j  70     73  3.2 

j   -50     —  6 

i   +41     +12 

NO'-  531-532 
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FiBST  Section - 

—  (Decimation,  +82°  to  - 

21°  50'). 

1 

B  — 

N 

li  — A 

"! 

No. 

Decl.  1900 

Ann.  V.  and  .Sec.  V. 

//'  and  100  J/i' 

Ep.  and  Wt. 

J8 

J^' 

J8   J/<' 

.001 

.001 

.001 

T  pa       p.' 

.01 

.001 

.01  .001 

389 

+  26°  36  44"00 

-11^572  +"304 

+ 

'30 

-  "1 

69  3S  1.,-, 

'13 

+  2 

-16  -  9 

390 

+  6  44  24.14 

11.508  +358 

+ 

38 

+  1 

67  174  :.'J 

-  39 

—  5 

-27  -13 

391 

+  15  44  4.48 

11.442  +338 

_ 

57 

+  1 

74  51  1.9 

-  20 

-  1 

-13  -  8 

392 

—  3  7  27.57 

11.208  +382 

_ 

27 

-  1 

78  38  0.9 

-  19 

+  1 

+  10  -  4 

393 

+  4  46  42.72 

11.020  +369 

+ 

57 

+  1 

75  85  2.5 

-  73 

-13 

-18  -13 

395 

+  78  6  7.92 

-10.949  -267 



3 

+  1 

67  137  6.3 

+  2 

+  1 

+  6  +  6 

396 

-16  26  9.43 

10.788  +423 

+ 

121 

+  1 

63  25  1.4 

- 

- 

- 

398 

+  15  59  15.99 

11.933  +349 

-1297 

+  3 

72  55  2.2 

-  47 

-  8 

-23  -13 

400 

+  27  10  2.11 

10.584  +312 

_ 

68 

-  1 

76  56  1.2 

-  25 

-  1 

-17  -  9 

403 

-19  31  54.72 

10.081  +443 

-^ 

29 

0 

67  97  3.6 

-  44 

-  1 

+  47  -  8 

404 

+  58  49  55.97 

-  9.684  +141 

+ 

338 

—  5 

65  71  4.2 

00 

-  1 

+  6  +  5 

405 

-19  12  3.32 

9.584  +450 

_ 

32 

0 

69  33  1.5 

+  Ui 

+  8 

- 

1  407 

-  3  26  13.41 

9.479  +409 

_ 

153 

0 

70  138  4.8 

-  60 

-  9 

-  9  -10 

409 

-  4  26  56.03 

8.988  +417 

+ 

33 

+  1 

75  59  2.0 

-  32 

-  4 

+  13  -  6 

411 

+  46  33  4.93 

8.699  +240 

+ 

31 

0 

73  81  2.9 

-  9 

+  2 

H-22  +  3 

412 

+  19  23  ir>9.S 

-  8.630  +351 

+ 

39 

0 

72  67  2.3 

-  14 

+  2 

-22  -11 

414 

-19  48  12.65 

8.674  +465 

— 

63 

0 

65  20  1.0 

- 

- 

- 

415 

+  61  44  25.81 

8.204  +110 

+ 

59 

0 

66  101  4.7 

+  3 

+  1 

+  8  +  4 

418 

-16  23  41.19 

8.079  +461 

_ 

38 

0 

69  23  1.1 

- 

- 

- 

419 

+  2  12  9.27 

8.092  +407 

- 

88 

0 

72  54  1.7 

-  49 

-   9 

-  9  -  7 

420 

+  21  42  26.30 

-  8.024  +347 

_ 

24 

-1 

77  76  2.2 

-  12 

+  1 

-.30  -15 

421 

+  68  59  4.20 

7.785  -  16 

+ 

34 

-1 

74  65  1.9 

+  3 

—  2 

+  13  +  7 

423 

+  42  38  35.25 

7.565  +264 

+ 

35 

0 

63  59  2.0 

+  (> 

+  10 

+  15  -  3 

424 

-10  21  53.06 

7.521  +449 

+ 

17 

0 

76  73  1.9 

-  51 

—  5 

-  8  -14 

425 

-17  32  55.47 

7.208  +474 

- 

7 

0 

69  28  1.5 

-  47 

-  3 

- 

427 

+  39  6  44.01 

-  6.995  +285 

_ 

95 

0 

68  72  3.7 

-  23 

0 

-40  -18 

434 

+  9  31  49.04 

5.797  +396 

_ 

14 

-  3 

74  132  3.5 

-  28 

-  3 

-28  -13 

436 

+  31  4  24.46 

5.466  +324 

+ 

21 

-  1 

71  70  2.0 

-  26 

-  3 

-33  -12 

437 

-15  36  4.36 

4.709  +489 

+ 

86 

0 

73  73  2.6 

-  38 

—  5 

+  16  -13 

439 

+  65  50  15.89 

4.447  +  25 

+ 

20 

0 

73  66  2.5 

+  1 

+  3 

+  8  +  1 

440 

+  14  30  14.87 

-  4.304  +391 

+ 

27 

0 

65  157  7.4 

-  16 

2 

-23  -12 

441 

+  24  57  24.95 

4.423  +352 

_ 

163 

0 

74  47  1.8 

—  26 

—   5 

-19  -11 

442 

+  36  55  17.93 

4.207  +299 

_ 

2 

0 

77  54  1.3 

-  28 

-  1 

-26  -12 

443 

-21  0  20.02 

4.117  +518 

_ 

207 

+  2 

66  23  1.0 

- 

- 

- 

452 

+52  22  31.00 

2.7(;9  +196 

+ 

6 

0 

68  118  5.9 

-  20 

-  3 

+  10    0 

454 

+  12  37  57.46 

-  2.826  +405 



235 

+  1 

67  180  7.8 

-  14 

0 

-  5  -  S 

455 

-15  20  8.54 

2.521  +497 

_ 

66 

0 

74  25  0.9 

-  59 

-  6 

+  33  -  7 

457 

-12  49  18  95 

2.168  +489 

— 

55 

-  1 

72  21  0.9 

-106 

-17 

- 

458 

+  46  3  33.67 

2.042  +246 

_ 

6 

0 

75  71  3.2 

-  41 

-  6 

+  20  +  3 

459 

-21  38  4.78 

2.025  +521 

- 

55 

-  1 

62  17  0.9 

- 

- 

- 

460 

+  68  48  15.17 

-  1.635  -  50 

+ 

.■!27 

0 

71  52  1.9 

+  14 

+  8 

+  25  4  11 

461 

+  4  36  31.88 

1.724  +430 

+ 

151 

0 

76  93  3.0 

-  50 

—  7 

-19  -11 

463 

+  27  46  44.36 

2.276  +338 

— 

751 

-  3 

72  101  2.8 

-  23 

•) 

-21  -11 

465 

+  72  11  52.61 

1.691  -156 

— 

268 

0 

74  71  2.5 

—  5 

(1 

+  7  +  7 

466 

+  56  53  17.71 

n.642  +153 

+ 

75 

+  2 

67  IS  2.5 

-  20 

-  1 

+  16  +  3 

467 

+  37  15  48.88 

-  0.624  +300 

+ 

4 

0 

74  41  1.6 

-  20 

0 

-19  -10 

468 

-  9  45  41.07 

0.685  +481 

_ 

118 

0 

79  45  1.3 

-  11 

+  1 

+  13  -  6 

469 

+  76  58  34.06 

0.292  -390 

+ 

239 

+  3 

77  40  1.8 

-  12 

-  3 

+  11  +  6 

470 

+  51  30  1.74 

-  0.526  +203 

_ 

26 

(I 

65  133  7.1 

-  23 

0 

-  1  -  3 

474 

+  9  32  58.07 

+  0.310  +414 

+ 

92 

-  1 

77  73  1.9 

-  39 

—  5 

-  3  -  5 

475 

+  28  44  54.74 

+  0.320  +341 

_ 

•) 

0 

75  47  1.4 

•_'7 

0 

-13  -  S 

478 

-21  5  6.33 

0.676  +522 

_ 

5 

0 

69  71  2.4 

-  19 

-  3 

+  41  -10 

480 

+  64  21  48.08 

1.193  +  57 

+ 

28 

+  8 

64  35  1.9 

+  7 

+  4 

+  34  +  8 

482 

-  2  55  29.86 

0.711  +445 

_ 

699 

—  5 

73  91  3.0 

-  54 

-  8 

-16  -13 

485 

+  72  41  22  ?7 

1.627  -141 

- 

369 

+  17 

74  78  3.5 

+  23 

+  5 

+  41  +  9 

3G 


THE     ASTRONOMICAL    JOURNAL. 


N<>»-  531-532 


FlR-ST   Se 

cTioN  —  (Declination,  +82° 

to  -21°  50'). 

■ 

B- 

-X 

B- 

-  A 

No. 

Name  and  Magnitude 

R.  A.  1900 

Ann.  V.  and  Sec.  V. 

p  and  100  Jp 

Ep.  and  Wt. 

Ja 

Jp 

Jtt 

Jp 

0001 

.0001 

.0001 

r     p. 

P- 

.001 

.0001 

.001 

.0001 

487 

a  Lyrae 

o"i 

IS  33  33.146 

+  2J0309 

+ 

8 

10 

+    174 

-  '3 

67  159 

7.2 

-16 

-'4 

+'l7 

+'  9 

489 

llOHerculis 

4.3 

18  41  21.471 

2.5803 

+ 

17 

-      18 

+   3 

73     47 

1.6 

+  14 

+   2 

+   7 

+   4 

490 

/8  Lyrae 

Var. 

18  46  23.277 

2.2144 

+ 

14 

+        3 

0 

68  134 

4.8 

+   7 

-    1 

+  11 

+   7 

492 

50  Draeouis 

5.4 

18  49  36.178 

-1.9122 

— 

552 

-     35 

-   8 

70     32 

0.8 

+  15 

-  4 

- 

_ 

493 

0  Draconis 

4.7 

18  49  43.560 

+  0.8877 

- 

46 

+   105 

0 

70     45 

1.6 

-67 

-11 

+   2 

+   4  ! 

494      6  Serpeiitis 

4.3 

18  51   14.906 

+  2.9826 



5 

+     31 

0 

71      47 

1.0 

+  22 

+   3 

+  47 

+  13 

495      t  Aquilae 

4.2 

18  55     5.022 

2.7218 

+ 

6 

-     44 

+   1 

72     78 

2.2 

—   5 

0 

+  27 

+   7 

496     y  Lyiae 

3.3 

18  55  12.171 

2.2437 

+ 

13 

-       1 

0 

75     64 

2.0 

+  11 

+  4 

+  15 

+   9 

498      0  Sagittarii 

3.9 

IS  58  41.465 

3.5970 

— 

55 

+     52 

0 

64     25 

1.2 

- 

- 

- 

_ 

501      i  Aquilae 

3.0 

19     0  48.836 

2.7570 

+ 

4 

-       6 

+    1 

7(1  110 

.•!.9 

+   5 

+   2 

+  32 

+  10 

502     X  Aquilae 

3.5 

19     0  56.535 

+  3.1841 

_ 

21 

-      IS 

+   1 

77     66 

2.1 

+   7 

+   2 

+  39 

+  9  1 

504 

jT  Sagittarii 

3.0 

19     3  49.038 

3.5699 

_ 

59 

-        4 

0 

70     52 

1.8 

+  3 

+   1 

+  36 

+  11   j 

505 

43  Sagittarii 

5.0 

19  11  47.094 

3.5126 

_ 

62 

-       8 

0 

75     48 

1.7 

+  29 

+   7 

_ 

_  1 

506 

S  Draconis 

3.2 

19  12  31.998 

0.0256 

_ 

235 

+   173 

_  2 

66     95 

4.5 

-11 

_  2 

+  42 

+  19 

507 

K  Cygni 

4.0 

19  14  47.526 

1.3881 

- 

30 

+     70 

_  0 

71     72 

2.5 

-   T 

_  2 

+   1 

+  5 

508 

p  Sagittarii 

4.0 

19  15  52.423 

+3.4822 

_ 

63 

-     17 

0 

fi7     29 

1.4 

_ 

_ 

_ 

509 

T  Draconis 

4.6 

19  17  28.712 

-1.1276 

_ 

588 

-   318 

-11 

72     76 

3.0 

-65 

-  8 

+  36 

+  15 

510 

8  Aquilae 

3.4 

19  20  27.394 

+  3.0253 

_ 

19 

+   169 

0 

70  151 

4.5 

+   1 

+  1 

+  40 

+  12 

512 

B  Cygni 

3.1 

19  26  41.. '506 

2.4187 

+ 

10 

_       2 

0 

72     72 

2.7 

0 

0 

+  19 

+   8 

513       I  Cygni 

3.9 

19  27  ii.os: 

l.r.KU 

- 

25 

-t-     20 

f> 

71     57 

2.4 

-20 

-   3 

-   4 

+  5  ; 

515  :    K  Aquilae 

4.9 

19  31  30.737 

+  3.2293 



45 

+ 

0 

73     42 

1.3 

-   6 

_  2 

- 

_ 

516      e  Cygni 

4.7 

19  33  45.576 

1.6086 

_ 

23 

-     30 

-   4 

71     43 

2.3 

-33 

—   7 

+   5 

+  7 

517  '55  Sagittarii 

5.0 

19  36  47.980 

3.4344 

— 

76 

+     42 

0 

64     25 

1.2 

0 

+  2 

- 

- 

518  156  Sagittarii 

5.1 

19  40  31.786 

3.5033 

_ 

91 

—     95 

+    1 

70     26 

1.3 

+  26 

+  4 

_ 

-  1 

519  1    y  Aquilae 

2.8 

19  41  30.336 

2.8523 

- 

11 

+       9 

0 

67  164 

7. .5 

+   3 

+   2 

+  31 

+10  '■ 

520  '    8  Cygni 

3.0 

19  41  50.975 

+  1.8755 

+ 

1 

+     50 

0 

72     59 

1.6 

-30 

—   5 

+  12 

+  11 

521 

«  Aquilae 

0.9 

19  45  54.256 

2.9274 

_ 

19 

+  361 

_   2 

66  166 

6.9 

—   5 

0 

+  25 

+  8 

522 

c  Draconis 

4.0 

19  48  30.849 

-0.1819 

_ 

441 

+   160 

+  i 

70     72 

1.8 

—42 

-  9 

+  37 

+  16 

523 

13  Aquilae 

3.9 

19  50  24.073 

+  2.9469 

_ 

15 

+     23 

+  3 

67  167 

7.6 

-   5 

-   1 

+  27 

+  8 

525 

6  Aquilae 

3.4 

20     6     8.744 

3.0967 

- 

43 

+     21 

0 

75  106 

3.0 

+   9 

+   1 

+  53 

+  13 

526    31  Cygui 

3.9 

20  10  28.961 

+  1.8889 

+ 

4 

+       2 

0 

74     56 

1.2 

-39 

-12 

+   2 

+  6 

527  1  «*  Capricorni 

4.6 

20  12     6.360 

3.3283 

_ 

85 

+     10 

0 

67     87 

4.1 

+   5 

+   2 

+  37 

+  11 

528  '    K  Cepliei 

4.4 

20  12  15.751 

-1.9397 

_ 

1676 

+     28 

0 

73     74 

2.4 

-  4 

+   4 

+45 

+  16 

529     a^  Capricorni 

3.8 

20  12  30.424 

+  3.3318 

_ 

86 

+     40 

0 

66  137 

5.3 

+   5 

+   1 

+  30 

+  10  1 

530     fi  Capricorni 

3.2 

20  15  23.620 

3.3742 

- 

96 

+     24 

0 

70     68 

2.4 

—  22 

-   6 

+  40 

+  13 

532  ,    y Cygni 

2.3 

20  18  38.348 

+  2.1522 

+ 

19 

+       2 

0 

72  103 

4.7 

_   7 

0 

+  16 

+  10 

533 

TT  Capricorni 

5.2 

20  21  35.898 

3.4385 

_ 

116 

+       8 

0 

73     37 

1.5 

+  14 

+   4 

- 

- 

534 

p  Capricorni 

4.9 

20  23     9.466 

3.4266 



115 

-     10 

0 

72     80 

1.8 

+   7 

+   3 

+  37 

+  13 

535  '    e  Cephei 

4.3 

20  27  54.285 

1.01.39 

_ 

152 

+     64 

+ 1 

69     72 

3.0 

-15 

-  1 

+  32 

+  13 

536 

£  Delphini 

4.0 

20  28  26.144 

2.8665 

- 

12 

+       6 

0 

76  104 

2.7" 

-  3 

-  1 

+  30 

+  9 

538 

P  Delphini 

3.7 

20  32  51.592 

+  2.8131 

_ 

4 

+     74 

0 

72     46 

1.9 

-26 

-  8 

+  .32 

+  11 

539 

V  Capricorni 

5.4 

20  34  21.495 

3.4200 

_ 

122 

-     17 

0 

71     24 

1.0 

+  11 

+   1 

+  34 

+  11 

540 

re  Delphini 

3.9 

20  34  59.603 

2.7866 

_ 

1 

+     45 

0 

70     75 

2.4 

-   9 

0 

+  28 

+  10 

542 

a  Cvsni 

1.3 

20  38     1.344 

2.0440 

+ 

oo 

0 

0 

66  132 

6.8 

-17 

-   4 

-10 

+  5 

544     -y^  Delphini 

4.1 

20  42     1.151 

2.7832 

+ 

2 

-     23 

+ 1 

69     34 

1.1 

+  17 

+    1 

+  25 

+   8  1 

545       £  Cygni 

2.6 

20  42     9.8S9 

+  2.4266 

+ 

28 

+  289 

- 1 

74     68 

2.8 

-16 

—  5 

+  12 

+  8 

546 

£  Aquarii 

3.9 

20  42  15.806 

3.2507 

_ 

84 

+     19 

0 

75     83 

2.0 

-  1 

+  2 

+  49 

+  18 

547 

ri  Cephei 

3.6 

20  43  15.383 

1.2266 



145 

+   133 

-16 

66     79 

3.4 

-10 

-  1 

-  T 

+  6 

549 

p.  Aquarii 

4.8 

20  47  15.657 

3.2390 

_ 

83 

+     25 

0 

75     60 

1.9 

+   2 

0 

- 

551 

32  Vulpecnlae 

5.2 

20  50  17.862 

2.5555 

+ 

27 

-       6 

0 

73     77 

1.5 

00 

-   4 

+   8 

+   4 

552      V  Cygni 

4.0 

20  53  26.669 

+  2.2346 

+ 

38 

+       4 

0 

73     63 

2.0 

-20 

-   4 

-12 

+   3 

553      rj  Capricorni 

5.0 

20  58  42.890 

3.4199 



142 

-     30 

0 

66     22 

1.3 

-11 

—  5 

_ 

- 

554  I    6  Capricorni 

4.2 

21     0  19.618 

3.3779 



127 

+     57 

0 

73     53 

1.6 

+  12 

+   6 

- 

- 

555      i  Cygni 

3.9 

21     1  17.584 

2.1803 

+ 

42 

+       6 

0 

72     57 

1.6 

-13 

-   4 

-   3 

+   3 

556      V  Aquarii 

4.5 

21     4     8.873 

3.2720 

- 

98 

+     62 

0 

74     41 

1.4 

+  27 

+  6 

+  29 

+  9 

NO'-  .y.'A-o'A-J 


THE     ASTJtONOMlCAL     JOUKXAL 


First  Section  —  (Declinat 

ion,  +82°  to  - 

21°  50'). 

B  — N 

B- 

-A 

No. 

L)ei!l.  moo 

Ann.  V.  anil  Sec  V. 

Id'  an«i  100  J 

^' 

Ep.  and  Wt. 

JS     J|U' 

J8 

J^' 

.001 

.001 

.001 

r  p,    p^' 

.01  .001 

.01 

.001 

487 

-1-38°  41  25"44 

+  3.203  +294 

+  "279 

+ 

3 

64  168  7.8 

-"27  -"1 

—  7 

-'9 

489 

-1-20  27  1.43 

3.254  +368 

-  344 

0 

76  47  1.8 

-  23    0 

-18 

-13 

490 

-1-33  14  46.96 

4.023  +315 

_   7 

0 

65  138  5.7 

—  27  —  2 

-28 

-13 

492 

-1-75  18  :;8.33 

4.382  -274 

+  77 

_ 

1 

71  25  0.8 

+  88  +26 

- 

- 

493 

+  59  15  57.66 

4..339  +126 

+  23 

+ 

2 

64  57  3.5 

-  15    0 

+  24 

+  5 

494 

-h  4  4  23.76 

+  4.472  +423 

+  26 

0 

72  46  1.9 

-  35  -  1 

-15 

-12 

495 

-1-14  55  56  34 

4.695  +.383 

—  77 

_ 

1 

72  62  2.1 

-10  +  4 

-15 

-11 

49C 

-t-32  33  7.78 

4.775  +315 

—  7 

0 

71  59  2.0 

-  30  -  2 

-33 

-16 

498 

-21  53  17.03 

5.011  +506 

-  67 

+ 

1 

65  19  0.8 

- 

- 

- 

501 

-1-13  42  52.56 

5.155  +385 

-  102 

0 

69  143  5.1 

-  32  -  3 

-12 

-11 

502 

-  5  1  57.55 

+  5.178  +445 

-  90 

0 

77  67  1.8 

—  5.~>  —  7 

-  4 

-11 

504 

-21  10  57.67 

5.470  +498 

-  40 

0 

72  40  1.7 

-  27  -  4 

+  47 

-14 

505 

-19  7  51.62 

6.158  +484 

-  19 

0 

74  49  1.8 

-  32  -  2 

- 

- 

d 

506 

+  67  29  8.27 

6.328  +  3 

+  89 

+ 

2 

67  114  6.1 

-2  +  1 

+  30 

+  9 

507 

+  53  11  1.69 

6.544  +190 

+  117 

+ 

1 

71  77  3.9 

-  23  -  4 

+  16 

+  1 

508 

-18  2  8.12 

+  6.535  +477 

+   19 

0 

70  25  0.8 

_    _ 

_ 

_ 

509 

+  73  10  11.64 

6.759  -162 

+  110 

_ 

4 

75  68  2.1 

-  6    0 

+  19 

+  9 

510 

+  2  54  54.69 

6.971  +414 

+   77 

+ 

*2 

70  143  5.2 

-  35  -  4 

-17 

-11 

512 

+  27  44  58.03 

7.394  +324 

—   9 

0 

74  75  2.3 

-22  +  1 

-14 

-11 

513 

+  51  30  59.54 

7.566  +202 

+  122 

0 

71  71  3.9 

-  36  -  6 

+  5 

-  1 

515 

-  7  14  59.66 

+  7.792  +431 

0 

0 

74  42  1.2 

-  38  -  3 

- 

- 

516 

+  49  59  21.57 

8.221  +212 

+  247 

0 

67  68  4.2 

-  36  -  4 

+  20 

+  3 

517 

-16  21  30.48 

8.201  +454 

-  17 

+ 

1 

65  21  0.7 

-  30  -  2 

- 

- 

518 

-20  0  6.13 

8.417  +457 

-  97 

— 

1 

68  22  1.0 

-  67  -  9 

- 

- 

519 

-HO  22  9.76 

8.587  +372 

-   4 

0 

65  167  7.9 

-  19  -  1 

-15 

-12 

520 

+  44  53  11.40 

+  8.6.56  +244 

+  37 

+ 

1 

68  75  3.5 

22  7 

+  22 

-  1 

521 

+  8  36  14.56 

9.317  +383 

+  380 

+ 

5 

65  172  8.1 

-12  +  2 

-  9 

-11 

522 

+  70  0  47.67 

9.172  -  25 

+  31 

+ 

2 

70  66  3.1 

+  9  +  4 

+  35 

+  11 

52.3 

+  69  24.45 

8.805  +377 

-  483 

0 

66  166  7.8 

-  37  -  2 

—  22 

-12 

525 

-  1  7  5.73 

10.488  +380 

+   3 

0 

76  86  2.7 

-  36  -  3 

"0 

-10 

526 

+  46  2(;  16.L'5 

+  10.808  +228 

+   1 

0 

73  64  2.2 

-  33  -  4 

+  4 

-  1 

0'  or  0- 

527 

1 2  49  -^  55 

10.932  +402 

+   () 

0 

66  i^:>   3.5 

-24  +  1 

+22 

—  9 

528 

+  77  24  37.15 

10.964  -242 

+  26 

0 

73  77  2.5 

-1  +  1 

+  6 

+  8 

529 

-12  51  17.78 

10.961  +403 

+   5 

0 

64  135  5.4 

-  28  -  2 

+23 

-11 

530 

-15  5  50.36 

11.167  +404 

+   1 

0 

70  48  2.1 

-  35  -  6 

+  8 

-15 

532 

+  39  56  10.96 

+  11. .398  +253 

;; 

0 

71  107  4.8 

-  32  -  3 

-21 

-11 

533 

-18  32  22.98 

ll.()00  +404 

-   13 

0 

75  36  1.4 

-  74  -10 

- 

- 

534 

-18  8  39.73 

11.702  +400 

22 

0 

71  63  1.8 

-  18  -  2 

+  9 

-17 

535 

+  62  39  !^S31 

12.041  +114 

-  17 

+ 

1 

71  71  3.8 

-9+1 

+  9 

0 

536 

+  10  57  47.51 

12.069  +328 

-  26 

0 

77  87  2.2 

-  23  -  1 

-  4 

-10 

538 

+  14  14  49.48 

+  12..364  +318 

-  37 

+ 

1 

73  46  1.7 

-  28  -  2 

-  3 

-  8 

539 

-18  29  27.27 

12.483  +384 

-  21 

0 

72  27  1.3 

-  81  -14 

+  37 

-  9 

540 

+  15  33  32.65 

12.539  +312 

-   8 

0 

69  66  2.7 

-  92  -25 

-10 

-12 

542 

+  44  55  22.17 

12.752  +225 

-   1 

0 

65  168  8.6 

-14  +  2 

+  11 

') 

544 

+  15  45  19.;U) 

12.817  +303 

-  204 

0 

69  39  1.4 

-  43  -  8 

-18 

-12 

545 

+  33  35  43.67 

+  13.352  +267 

+  322 

+ 

3 

71  75  3.2 

-  37  -  4 

-20 

-14 

546 

-  9  51  43.15 

13.003  +355 

-  34 

0 

75  69  2.4 

-  36  -  4 

+  17 

-11 

547 

+  61  27  0.99 

13.923  +131 

+  820 

+ 

1 

66  78  6.0 

-17  +  1 

+  26 

+  7 

549 

-  9  21  31.37 

13.331  +346 

-  35 

0 

72  61  2.4 

-13  +  4 

- 

- 

551 

+  27  40  37.52 

13.561  +269 

-   - 

0 

73  70  1.5 

-  36  -  6 

-13 

-  9 

552 

+  40  46  54.75 

+  1.3.740  +231 

-  24 

0 

73  63  2.0 

-  40  -  6 

-16 

-12 

553 

-20  15  2.02 

14.052  +348 

-  44 

0 

64  21  1.3 

+  8  +  3 

- 

- 

554 

i-17  37  49.39 

14.129  +342 

—  67 

0 

72  42  1.6 

-  16    0 

- 

- 

't^tii 

+  43  31  43  35 

14.253  +218 

_   'J 

0 

73  56  2.2 

-  53  -10 

+  28 

0 

556 

11  46  36.29 

14.417  +326 

-     12 

+ 

1 

74  50  2.2 

-  60  -  6 

+  1 

-12 

38 


THE     ASTRONOMICAL    JOURNAL. 


N"-  531-532 


FiKST  Section  —  (Declination,  +82° 

to  -21°  50'). 

B- 

-N 

B- 

-A 

No. 

Name  and  Magnitude 

R.A.  1900 

Ann.  V.  and  Sec.  V. 

M  and  100  J/i 

Ep.  and  Wt. 

Jo 

Ju 

Ja 

J/. 

.0001 

.0001 

.0001 

T      p.   p. 

.001 

■  0001 

.001 

.0001 

557 

t  Cygni 

3.5 

21     8  40.792 

+  2.5515 

+ 

'  40 

_       2 

0 

71   130  3.4 

-'3 

a 

0 

+'10 

+'  8 

558 

T  Cygni 

3.9 

21  10  47.914 

2.3926 

+ 

46 

+   134 

_    2 

68     47  2.0 

-29 

_   7 

—   7 

+   5 

559 

«  Equulei 

4.1 

21  10  49.523 

3.0001 

— 

27 

+     38 

0 

77     66  1.8 

+  7 

+   5 

+  29 

+   9 

5(i0 

a  Cephei 

2.6 

21  16  11.590 

1.4353 

— 

69 

+   217 

+   2 

66  131  5.4 

-31 

—   7 

+  15 

+  12 

561 

t  Capricorn  i 

4.3 

21   16  40.786 

3.3460 

- 

129 

+     22 

0 

69     44  1.3 

-   1 

0 

- 

- 

562 

1  Pegasi 

4.2 

21  17  27.700 

+  2.7736 

+ 

19 

+     74 

0 

76     39  1.1 

—   7 

0 

+  82 

+   7 

565 

/?  Aquarii 

3.3 

21  26  17.711 

3.1608 

_ 

71 

+     10 

0 

70  148  4.6 

-  5 

-  2 

+  40 

+  11 

566 

/3  Cephei 

3.4 

21  27  22.310 

0.7909 

— 

350 

+      22 

0 

76  123  5.6 

-21 

-  4 

+  38 

+  16 

567 

£  Capricoriii 

4.7 

21  31  28.959 

3.3652 

_ 

148 

+        C, 

0 

71     20  1.1 

_ 

_ 

_ 

568 

$  Aquai-ii 

4.8 

21  32  25.757 

3.1971 

- 

82 

+      77 

0 

74     (i3  1.8 

+   3 

+  2 

- 

- 

569 

y  Capricorn  i 

3.8 

21  34  33.100 

+  3.3294 

_ 

131 

+    131 

0 

68     53  2.1 

+   1 

+   2 

+  33 

+  11 

571 

£  Pegasi 

2.5 

21  39  16.471 

2.9404 

_ 

5 

+      18 

0 

71  150  4.1 

+   3 

+   2 

+  29 

+   9 

572 

K  Pegasi 

4.2 

21  40     6.981 

2.7145 

+ 

47 

+      24 

0 

77     37  0.8 

-19 

-   4 

+  15 

+   7 

573 

8  Capricorni 

3.0 

21  41  31.349 

3.3163 

_ 

125 

+    179 

+  1 

68     64  2.4 

+   5 

+   3 

+  48 

+  14 

574 

/n  Capricorni 

5.2 

21  47  50.713 

3.2754 

- 

112 

+   211 

0 

72     47  2.0 

+  26 

+   7 

- 

- 

576 

(t  Aquarii 

3.2 

22     0  38.887 

+  3.0826 

_ 

41 

+        9 

0 

67  168  6.6 

—   9 

0 

+  32 

+  10 

577 

t  Acjuarii 

4.3 

22     1     2.237 

3.2443 

_ 

111 

+      23 

0 

71     52  1.5 

+  10 

+   1 

+  30 

+  12 

579 

t  Pegasi 

3.9 

22     2  21.313 

2.7903 

+ 

63 

+  220 

+  1 

73     55  1.7 

-16 

2 

+  16 

+  8 

.-)S0 

e  Pegasi 

3.7 

22     5     9.336 

3.0266 

_ 

11 

+   184 

0 

74     53  1.9 

-14 

-  3 

+  26 

+  8 

581 

^  Cephei 

3.6 

22     7  23.014 

2.0754 

+ 

115 

+        9 

0 

72     74  2.8 

-37 

-  9 

—    9 

+   3 

582 

6  Aquarii 

4.3 

22  U  33.445 

+  3.1684 

_ 

75 

+      74 

0 

71  108  3.1 

+   1 

+   1 

+  29 

+  11 

585 

y  Aquarii 

3.9 

22  16  29.491 

3.0997 

_ 

42 

+     81 

0 

73  108  3.4 

-  5 

0 

+  35 

+  9 

586 

fi  Laeertae 

4.6 

22  19  37.577 

2.3522 

+ 

157 

-      17 

+  1 

69     40  2.4 

-31 

-10 

+  3 

+   4 

.587 

o-  Aquarii 

4.8 

22  25  21.362 

3.1784 

_ 

87 

0 

0 

70     61  2.2 

-   8 

0 

_ 

_ 

588 

8-  Cephei 

Var. 

22  25  27.384 

2.2194 

+ 

169 

+      13 

0 

64     55  2.7 

-20 

2 

+   1 

+  6 

589 

(c  Lacertae 

3.8 

22  27  10.220 

+  2.4643 

+ 

170 

+   145 

+  1 

73     58  1.6 

-42 

-12 

—   5 

+   5 

590 

7]  Aquarii 

4.1 

22  30  13.092 

3.0840 

— 

30 

+     60 

0 

73  132  3.2 

+   6 

+   4 

+  36 

+  11 

591 

K  Aquarii 

5.4 

22  32  34.671 

3.1084 

_ 

49 

—     52 

0 

68     22  1.2 

-19 

-   4 

_ 

_ 

593 

^  Pegasi 

3.6 

22  36  28.467 

2.9910 

+ 

24 

+      53 

0 

70  126  3.5 

_  7 

-    1 

+  28 

+  11 

595 

r)  Pegasi 

3.1 

22  38  18.805 

2.8072 

+ 

110 

+        8 

0 

74     64  2.1 

-17 

-    3 

+    4 

+   7 

596 

X  Pegasi 

4.2 

22  41  42.817 

+  2.8860 

+ 

84 

+     41 

0 

74     56  2.0 

+   3 

+   3 

+  15 

+   8 

598 

T-  Aquarii 

4.3 

22  44  17.893 

3.1803 

_ 

98 

-      11 

0 

71     48  1.5 

-   8 

-   3 

+  36 

+  11 

599 

/x  Pegasi 

3.7 

22  45  10.554 

2.8915 

+ 

92 

+    107 

0 

73     71  2.3 

-20 

-   4 

+  14 

+   () 

600 

I  Cepliei 

3.7 

22  46     7.133 

2.1245 

+ 

227 

-   112 

-  1 

70     82  3.5 

-24 

2 

+    7 

+   8 

601 

X  Aquarii 

3.9 

22  47  23.882 

3.1320 

- 

62 

+       3 

0 

74  105  3.0 

+   2 

+   1 

+  38 

+  11 

602 

8  Aquarii 

3.5 

22  49  20.633 

+  3.1880 

_ 

109 

-     33 

0 

67     42  2.2 

+  5 

+    1 

+  37 

+  13 

604 

0  Andromedae 

3.6 

22  57  19.112 

2.7517 

+ 

190 

+      20 

0 

74     57  1.7 

+  3 

0 

_   2 

+  (; 

605 

y8  Pegasi 

2.7 

22  58  55.530 

2.9033 

+ 

120 

+    145 

0 

74     56  2.1 

-  3 

-   1 

+  18 

+  10 

606 

a  Pegasi 

2.6 

22  59  46.740 

2.9855 

+ 

58 

+      40 

0 

67  165  6.6 

-   1 

0 

+  23 

+  9 

607 

gi  Aquarii 

4.4 

23     9     8.619 

3.1081 

- 

43 

+      IS 

0 

71     47  2.2 

-   4 

+   3 

- 

- 

608 

1^'  Aquarii 

4.5 

23  10  39.175 

+  3.1456 

_ 

61 

+   248 

0 

70     32  1.4 

—  22 

0 

^ 

610 

y  Piscium 

3.8 

23  11  58.871 

3.1093 

+ 

7 

+  502 

0 

72  120  3.3 

_   2 

+    1 

+  33 

+  11 

'  612 

i/'^  Aquarii 

5.2 

23  13  45.625 

3.1235 

_ 

61 

+     32 

0 

67     24  1.2 

+  4 

+   5 

_ 

_ 

613 

98  Aquarii 

4.2 

23  17  43.188 

3.1560 



121 

-     87 

0 

68     19  0.8 

+  42 

+  12 

_ 

_ 

:   614 

K  Piscium 

5.0 

23  21  48.377 

3.0753 

+ 

1 

+     57 

0 

75     99  2.4 

-  4 

+   1 

+  33 

+  11 

615 

6  Piscium 

4.4 

23  22  53.707 

+  3.0415 

+ 

28 

-     88 

0 

72     34  1.5 

0 

-   1 

- 

617 

X  Andromedae 

4.0 

23  32  40.044 

2.9232 

+ 

282 

+   150 

+   2 

71     61  2.7 

-37 

_   7 

-   1 

+   7 

618 

L  Piscium 

4.3 

23  34  48.388 

3.0841 

+ 

32 

+  248 

+  1 

71  133  3.7 

—    6 

+   2 

+  28 

+   9 

619 

y  Cephei 

3.4 

23  35  14.439 

2.4266 

+ 

753 

-   178 

-10 

65  119  5.7 

-45 

7 

+  43 

+  20 

620 

20  Piscium 

5.6 

2?  42  48.113 

3.0844 

- 

8 

+     63 

0 

67     22  1.4 

- 

- 

- 

- 

623 

27  Piscium 

5.0 

23  53  33.217 

+  3.0712 

6 

—      38 

0 

66     25  1.3 

-   1 

-   4 

624 

ft)  Piscium 

4.0 

23  54  10.548 

3.0787 

+ 

49 

+   101 

0 

74  144  3.4 

-   3 

-   1 

+  34 

+  12 

1  625 

29  Piscium 

5.1 

23  56  41.954 

3.0743 



2 

+       S 

0 

67     20  1.1 

_ 

_ 

_ 

626 

30  Piscium 

4.7 

23  56  49.886 

3.0772 



18 

+     27 

0 

72     33  1.4 

-14 

_   2 

_ 

_ 

1  627 

2Ceti 

4.6 

23  58  37.052 

3.07(i2 

- 

79 

+     13 

0 

74     51  1.6 

+   1 

-  2 

- 

- 

N"^  r)3i-5;'.ii 


THE     A  ST  K  GNOMICAL     J  U  L' i:  N  A  L  . 


First  Section 

—  (Declination,  +82°to- 

21°  50'). 

1 

B  — N 

B- 

A 

1 

No. 

Decl.  1000 

Ann.  V.  anil  Sec.  V. 

fi'  and  100  J//'  | 

Ep.  and  \Vt. 

J8   J/* 

J& 

Jfi' 

.GUI 

.001 

_^1  1 

T  m    p,' 

.01  .001  1 

.01 

.001 



557 

+  29  48  59.59 

+  14.643  +247 

_ 

'59 

0 

69  122  3.5 

-'19  + 

'2 

-16 

-10 

I 

558 

+37  37  5.88 

15.254  +230 

+ 

427 

+ 

1 

70  51  2.0 

-  47  - 

7 

-27 

-13 

559 

+  4  50  3.27 

14.742  +288 



87 

0 

77  75  3.0 

-  28  - 

1 

+  4 

-  8 

560 

+  62  9  42.48 

15.190  +133 

+ 

49 

+ 

2 

64  140  7.5 

-  3 

0 

+  8 

+  3 

561 

-17  15  :;7..s:} 

15.174  +313 

+ 

6 

0 

65  34  1.6 

-  14  + 

«> 

- 

- 

562 

+  19  22  35.24 

+  15.272  +258 

+ 

59 

+ 

1 

75  51  1.8 

-  38  - 

5 

-23 

-11 

565 

-  6  0  40.41 

15.698  +280 

_ 

7 

0 

67  146  5.1 

-  9  + 

4 

0 

-12 

566 

+  70  7  18.04 

15.708  +  05 

+ 

5 

0 

63  144  6.5 

_  2  

1 

+  26 

+  8 

567 

-19  54  51.19 

15.981  +289 

_ 

2 

0 

67  20  1.1 

- 

- 

- 

— 

568 

-  8  18  10.08 

16.009  +274 

- 

24 

+ 

1 

73  60  2.5 

-   24 

0 

- 

- 

569 

-17  6  50.75 

+  16.123  +282 

20 

+ 

1 

69  52  2.4 

-  31  - 

3 

+  23 

-11 

571 

+  9  24  58:88 

16.384  +241 

_ 

1 

0 

70  143  4.4 

—  22 

0 

-  6 

-10 

572 

+  25  11  6.68 

16.429  +220 



2 

0 

75  45  1.5 

-  38  - 

11 

-  4 

-10 

573 

-16  34  52.17 

16.202  +269 

— 

295 

+ 

1 

67  56  2.5 

-  12  + 

2 

+  36 

-10 

574 

-14  1  21.44 

16.814  +255 

+ 

9 

+ 

2 

71  53  1.9 

+  5  + 

8 

- 

- 

576 

-  0  48  20.80 

+  17.383  +216 

6 

0 

65  167  7.2 

-  29  - 

4 

+  3 

-  8 

577 

-14  21  17.82 

17.346  +227 



60 

0 

69  48  2.0 

-  24  + 

2 

+  20 

-12 

579 

+  24  51  23.37 

17.481  +194 

+ 

18 

+ 

2 

73  54  1.9 

-  33  - 

2 

-  4 

—  7 

580 

+  5  42  20.72 

17.615  +206 

+ 

33 

+ 

1 

75  53  1.9 

-  32  - 

3 

+  16- 

—  5 

581 

+  57  42  29.53 

17.682  +135 

+ 

7 

0 

71  83  4.3 

-  28  - 

3 

+  15 

+  3 

582 

-  8  16  52.77 

+  17.825  +203 

_ 

19 

0 

71  106  3.6 

-  31  - 

1 

+  18 

-  6 

585 

-  1  53  28.90 

18.046  +190 

+ 

9 

+ 

1 

73  97  3.7 

-  52  - 

6 

+  16 

—  5 

586 

+  51  43  40.47 

17.965  +138 

— 

190 

0 

73  54  3.1 

27  

1 

+  20 

+  2 

F3 

587 

-11  11  23.30 

18.333  +178 

— 

29 

0 

69  56  2.4 

-  46  - 

3 

- 

- 

588 

+  57  54  11.67 

18.368  +122 

+ 

3 

0 

60  51  3.0 

-  15  + 

2 

+  35 

+  7 

589 

+  49  46  5.67 

+  18.438  +135 

+ 

13 

+ 

1 

72  71  3.3 

-  12 

0 

+  12 

2 

F7 

590 

-  0  37  58.99 

18.474  +164 



54 

0 

73  119  3.3 

-  38  - 

1 

+  4 

—  6 

591 

-  4  44  38.12 

18.491  +161 



115 

0 

63  24  1.4 

-  21  - 

0 

- 

- 

.-i93 

+  10  IS  33.15 

18.718  +148 

_ 

12 

0 

68  126  4.4 

-  13  + 

0 

-10 

-10 

.^95 

+  29  41  52.99 

18.752  +135 

- 

35 

0 

75  63  1.8 

-  13  + 

2 

+  16 

—  2 

.V.IG 

+  23  2  21.34 

+  18.875  +133 

_ 

14 

0 

75  66  2.4 

-  29  - 

5 

-19 

-14 

j98 

-14  7  13.82 

18.927  +143 

— 

36 

0 

69  38  1.6 

-  38  - 

3 

+  15 

-13 

599 

+  24  4  24.26 

18.943  +128 

— 

45 

+ 

1 

73  62  2.0 

-  30  - 

3 

22 

-12 

600 

+65  40  27.88 

18.893  +  89 

_ 

121 

— 

1 

69  97  4.8 

+  13  + 

5 

+  34 

+  9 

601 

-  8  6  42.53 

19.085  +134 

+ 

3(; 

0 

73  96  3.4 

-  20 

0 

+  10 

—  9 

602 

-16  21  9.77 

+  19.081  +133 

_ 

21 

0 

69  38  1.9 

-  18  + 

5 

+  25 

-10 

604 

+  41  47  18.19 

19.288  +100 



13 

0 

73  54  1.6 

-  40  - 

4 

+  3 

—  5 

605 

+  27  32  24.72 

19.472  +104 

+ 

133 

+ 

1 

69  67  2.9 

-  30  - 

0 

-26 

-14 

606 

+  14  40  1.47 

19.314  +105 

_ 

45 

0 

64  164  6.9 

-  36  - 

6 

-21 

-14 

607 

-  6  35  17.26 

19.365  +  91 

- 

190 

0 

69  48  2.3 

+  7  + 

4 

- 

- 

608 

—  9  37  57.58 

+  19.570  +  91 

_ 

14 

+ 

1 

65  34  2.0 

-  63  - 

8 

_ 

-    F9r 

610 

+  2  44  8.83 

19.627  +  87 

+ 

19 

+ 

2 

73  111  3.5 

-  30  - 

0 

+  6 

-  6 

612 

-10  9  27.05 

19.642  +  83 

+ 

2 

0 

63  29  1.6 

+  7  + 

3 

- 

-   F95 

613 

-20  38  47.34 

19.614  +  76 

— 

93 

0 

72  15  0.5 

+  33  - 

3 

- 

-   b' 

614 

+  0  42  2'.t.l4 

19.679  +  66 

- 

90 

0 

74  89  2.8 

-  33  + 

0 

+  2 

-  6 

615 

+  5  49  46.58 

+  19.742  +  63 

_ 

43 

0 

7U  44  2.0 

-  43  - 

0 

_ 

~ 

617 

+  45  54  58.78 

19.483  +  42 

— 

422 

0 

70  67  3.7 

-  14  - 

1 

+  46 

+  3 

618 

+  55  3.09 

19.487  +  41 

— 

439 

0 

69  128  4.0 

-  30  - 

3 

+  2 

—  7 

619 

+  77  4  27.30 

20.088  +  29 

+ 

158 

0 

66  156  7.6 

0  + 

1 

+  29 

+  10 

620 

-  3  19  3.30 

19.996  +  25 

+ 

6 

0 

66  26  1.4 

- 

- 

- 

- 

623 

-  4  6  38.80 

+  19.972  +  4 



67 

0 

64  32  1.5 

-  19  - 

1 

_ 

_ 

624 

+  6  18  34.71 

19.931  +  3 

— 

109 

0 

74  144  4.6 

-  35  - 

<> 

-  9 

-  9 

625 

-  3  35  3.29 

20.032  -  2 

— 

13 

0 

65  26  1.5 

- 

- 

- 

- 

626 

-  6  34  11.45 

20.(tll  -   2 

— 

34 

0 

68  32  1.8 

-  12  + 

3 

- 

- 

627 

-17  53  33.79 

20.038  -  6 

- 

9 

0 

72  34  1.4 

—  1  ^ 

•" 

1 

10 

THE     ASTRONOMICAL    JOURNAL 

N*"-  531-532 

Second  Section  —  (Declination,  —21 

"  50'  to  -82°). 

1 

i 

t 

B  — 

N 

B  — A 

No. 

Name  and  Magnitude   | 

R.A.  1900 

Ann.  V.  and  Sec.  V.  | 

li  and  100  J/i     '    Ep. 

and  Wt. 

Ja 

J/i 

Ja         J(. 

0001  1 

.0001 

.0001  '    T 

p.    J). 

001 

.0001 

.001  .0001 

4 

c  Phoenicis 

3.8 

o"   4"'2o"246  1  +3*0569   - 

288    +  no 

_ 

1      72 

7  0.2 

+ 

60 

+"l4 

+  '65  +'  9 

8 

f  Tucanae 

4.3 

0  14  51.687 

3.1544   - 

664     +2718 

_, 

')'>      72 

8  0.3 

-213 

-32 

+      5  +20 

9 

I  Sculptoris 

5.4 

0  16  29.816 

3.0217   - 

135  1  +     38 

0      81 

17  0.3 

- 

.- 

- 

10 

P  Hydii 

2.y 

0  20  30.041   ; 

3.2218   -1481      +7025- 

-3 

n 

66 

39  0.8  ' 

— 

21 

—   2 

+  65  +34 

11 

a  Phoenicis 

2.4 

0  21  20.554 

2.9750   — 

228  '  +   179 

- 

- 

()7 

7  0.4 

- 

6 

-    9 

+   75  +  6 

13 

/3*  Tucauae 

4.5 

0  26  57.738 

+  2.7701    - 

44:!      +    125 



3 

68 

6  0.2  ■ 

+ 

8 

+   8 

_        _ 

27 

a  Sculptoris 

4.3 

0  53  47.311 

2.8949   - 

99      +      13 

0      79 

27  0.!) 

+ 

89 

+30 

+  116  +40 

31 

)3  Phoenicis 

3.4 

1     1  37.337 

2.6841    - 

179  1  -     41 

0      04 

9  0.4 

+  107 

+  10 

+   79  +15 

35 

I  Phoenicis 

4.1 

1     4  10.979  I 

2.5304   - 

219      +      12 

0 

OS 

7  0.3 

- 

- 

- 

40 

y  Phoenicis 

3.3  1 

1  24     1.414 

2.6100   - 

125 

-      24 

- 

1 

01 

9  0.4 

+ 

44 

+   4 

+   82  +25 

43 

8  Phoenicis 

3.9 : 

1  27     5.334  ' 

+  2.5034  - 

133 

+  i;;4 



1 

(;i 

8  0.4 

_ 

_ 

+   85  +16 

45 

a  Eridani 

0.5 

1  33  59.459 

2.2395  - 

129 

+    110 

— 

2 

00 

23  0.7 

+ 

40 

+  12  \ 

+   82  +21 

50 

£  Sculptoris 

5.4 

1  40  57.761 

2.8114   - 

38      +    115 

— 

1 

79 

18  0.5 

+  152 

+  63 

+   70  +25 

56 

X  Eridani 

3.6 

1  52     3.983 

2.3382   - 

97      +   725 

— 

6 

71 

7  0.3 

- 

_ 

+  128  +54 

58 

«  Hydri 

3.0 

1  55  37.070 

1.8896  - 

33     +  350 

- 

5 

04 

14  0.4 

+  220  +73 

-     2+7 

64 

<^  Eridani 

3.7 

2  12  56.221 

+  2.1444   - 

45     +     87 

_ 

1 

67 

7  0.3 

+ 

71 

+  25 

+   72  +18 

66 

K  Fornacis 

5.4 

2  17  58.022 

2.7452   - 

7      +    141 

_ 

1 

8;; 

17  0.2 

+ 

38 

+   3 

+   71  +16 

67 

8  Hydri 

4.2 

2  19  58.098 

1.0544   + 

290      -      94 

+ 

•^, 

05 

7  0.2 

+ 

41 

+  4 

+  84  +27 

72 

£  Hydri 

4.2 

2  38     2.982 

0.9089   + 

334      +    170 

_ 

3 

05 

7  0.3 

_ 

- 

+   52  +25 

77 

/3  Fornacis 

4.2 

2  44  54.362 

2.5114   - 

4      +     72 

+ 

1 

85 

16  0.4 

+ 

52 

-   8 

+   66  +21 

80 

6^  Eridani 

3.1 

2  54  28.206 

+  2.2741   - 

2      -     51 

+ 

1 

67 

9  0.3 

_ 

54 

-26 

+  134  +24 

83 

Br.  4.'^4 

4.1 

2  57  58.982 

2.6443   + 

17  '  -    107 

0 

85 

22  0.7 

— 

2 

-  3 

+   59  +17 

87 

e  Hydri 

5.4 

3     2     2.845 

0.0927   + 

715      +     60 

0 

72 

15  0.3 

+  145  +32 

+  100  +37 

89 

a  Fornacis 

4.0 

3     7  49.396 

2.5475  + 

18  ,  +   251 

+ 

3 

75 

24  0.8 

+ 

33 

+  11 

+   66  +17 

91 

Br.  4(59 

4.0 

3  15     4.113 

2.6675   + 

26  [  +     37 

0 

80 

20  0.7 

- 

- 

- 

97 

Br.  495 

4.3 

3  29  22.265 

+  2.6492   + 

30      +     30 

0 

75 

15  1.1 

+ 

81 

+  13 

+   57  +17 

98 

L1161 

4.5  I 

3  33  30.417 

2.1528   + 

23     -       1 

0 

70 

7  0.3 

_ 

- 

+   99  +25 

102 

L  1198 

4.4 

3  39     7.686 

2.2237   + 

23  ;  -     09 

0 

75 

7  0.2 

- 

- 

- 

104 

Br.  .".SO 

4.3  ' 

3  42  32.733  ' 

2.5801   + 

25  !  -   115 

_ 

;j 

79 

19  0.7 

+ 

6 

-   1 

+   58  +15 

100 

L  IL'IS 

4.2: 

1 

3  45  42.721 

2.2447   + 

25  1  -     36 

1 

0 

81 

8  0.2 

- 

39 

0 

+   25  +  15 

108 

y  Hydri 

3.2 

3  48  47.092 

-0.9783  +1070      +   125 

+ 

0 

07 

31  0.6 

+ 

51 

+  30 

+  108  +48 

109 

L  1275 

5.3 

3  49  50.332 

+  2.2851   + 

20      +     25 

0 

85 

9  0.2 

+ 

92 

+  18 

- 

113 

8  Reticuli 

4.3 

3  57     9.639 

0.9390   + 

195     -       9 

0 

60 

7  0.3 

+ 

44  +11 

+   59  +21 

120 

a  Horologii 

3.8 

4  10  41.285 

1.9867   + 

35 

+     39 

_ 

2 

68 

6  0.3 

— 

5 

_   2 

+  95  +31 

121 

a  Reticuli 

3.4 

4  13     8.132 

0.7623   + 

214 

+      53 

+ 

1 

64 

8  0.4 

+ 

42+5 

+   58  +19 

122 

y  Doradus 

4.3 

4  13  24.362 

+  1.5680   + 

79  1  +   103 

+ 

2 

67 

6  0.3 

_ 

_ 

+   87  +29 

125 

L1441 

3.9 

4  20  16.846 

2.2522   + 

33  :  +     50 

0 

83 

17  0.5 

+ 

o 

_   2 

+  43  +11 

126 

■q  Reticuli 

5.2 

4  20  48.401 

0.6381   + 

236      +   123 

+ 

4 

69 

7  0.3 

_ 

_ 

+  49  +17 

129 

«  Doradus 

3.5 

4  31  50.134 

1.2931   + 

97      +      00 

0 

64 

8  0.4 

+ 

24 

-   1 

+   61  +26 

131 

a  Caeli 

4.5 

4  37  20.406 

1.9310   + 

40     -   132 

- 

1 

63 

8  0.3 

+ 

86 

+  10 

+   68  +13 

132 

j3  Caeli 

5.2 

4  38  31.323 

+  2.1195   + 

39  1  +     29 

+ 

2 

77 

7  0.3 

_ 

_ 

_        _ 

141 

£  Leporis 

3.4 

5     1  13.666 

2.5383   + 

32   i  +      16 

0 

73 

54  1.3 

+ 

4 

+   4 

+   14-4 

151 

£  Colur^bae 

3.9 

5  27  39.784 

2.1297   + 

28 

+     27 

_ 

1 

80 

10  0.4 

_ 

- 

+   46+7 

157 

«  Coluuibae 

2.7 

5  36     1.688 

2.1720   + 

27 

+        5 

0 

08 

48  1.5 

+ 

8 

-   1 

+   65+14 

159 

j8  Columbae 

3.2 

5  47  26.081 

2.1137   + 

33 

+      41 

+ 

4 

78 

17  0.8 

+ 

61 

+  13 

+   67  +18 

163 

y  Columbae 

4.5 

5  53  59.505 

+  2.1266  + 

24 

0 

0 

80 

15  0.6 

+ 

4 

+  4 

164 

L2137 

6.4 

6     1  35.771 

1.7264  + 

30 

-     78 

+ 

3 

69 

5  0.2 

+ 

24 

+  10 

+   44+4 

166 

K  Columbae 

4.5 

6  12  59.674 

2.1340   + 

21 

—       3 

+ 

1 

70 

8  0.3 

+ 

24 

" 

+   23  +10 

167 

t,  Can.  Maj. 

3.2 

6  16  28.474 

2.3030   + 

18 

+       9 

0 

79 

21  0.9 

+ 

74 

+  14 

+   4S  +11 

170 

■    a  Carinae 

-1.0 

6  21  43.911 

1.3315   + 

9 

+     19 

0 

00 

27  0.7 

- 

13 

-   3 

+   47+7 

172 

i       Br.  972 

4.6 

6  30  51.913 

+  2.5142   + 

15 

+       9 

0 

78 

18  0.7 

_ 

7 

-13 

+   23+8 

174 

V  Puppis 

3.2 

6  34  42.144 

1.8366   + 

12 

+       9 

0 

00 

9  0.4 

_ 

10 

+   1 

+   66  +16 

177 

K  Can.  Jlaj. 

3.9 

6  46     6.354 

2.2407   + 

15 

-       8 

0 

70 

16  0.6 

_ 

- 

+  29+7 

178 

a  Pictoris 

3.3 

6  47     9.946 

0.6186  - 

50 

_   104 

+ 

7 

65 

9  0.3 

24 

+   2 

+  43  +22 

180 

£  Can.  Maj. 

1.7 

6  54  41.753 

2.3578  + 

13 

+        4 

0 

69 

72  1.9 

+ 

11 

+   6 

+   62  +14 

N"^-  5SL-532 
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Second  Sectios 

—  (Declination,  —21°  50' 

to  -82°) 

. 

B  — 

N 

B- 

-A 

No. 

Decl.  1900 

Ann.  V.  and  .Sec.V. 

/'' 

ind  100  J/i' 

Ep.  and  Wt. 

JS 

J^' 

j6 

J,/ 

.001 

.001   .001 

T     p,    p„. 

.01 

.001 

.01 

.001 

4 

-46°  17  57".  17 

+  19"856  -  17 

_ 

187   "0 

73  9  0.3 

-'  2 

+  6 

+31 

+'l8 

8 

-65  27  44.92 

21.167  -  38 

+  1162  -  3 

74  11  0.3 

-103 

-10 

+  66 

+  15 

9 

-29  32  4.23 

19.919  -  41 

_ 

76    0 

81  12  0.2 

_ 

_ 

_ 

- 

10 

-77  49  2.71 

20.285  -  50 

+ 

318  +  2 

68  40  0.8 

+  15 

0 

+  59 

+  7 

11 

-42  50  56.80 

19.559  -  49 

- 

401    0 

63  11  0.6 

-  20 

+  2 

+  6 

+  2 

13 

-63  30  32.88 

+  19.852  -  56 

_ 

56    0 

69  9  0.3 

-  4 

-  1 

_ 

_ 

27 

-29  53  52.03 

19.493  -106 

— 

4    0 

78  20  0.9 

+  15 

+  9 

-  1 

+  11 

31 

-47  15  15.71 

19.313  -112 

— 

14    0 

66  11  0.5 

+  32 

+  11 

-14 

—  5 

35 

-55  46  49.47 

19.284  -111 

+ 

18    0 

72  9  0.3 

_ 

_ 

_ 

_ 

40 

-43  49  50.03 

18.499  -144 

- 

216    0 

64  11  0.5 

+  32 

+  9 

-29 

-11 

43 

-49  35  32.48 

+  18.769  -144 

+ 

152  -  1 

67  8  0.3 

_ 

_ 

;■; 

-  6 

45 

-57  44  40.94 

18.358  -139 

_ 

26-1 

64  24  0.6 

+  37 

+  14 

+  35 

+  9 

50 

-25  33  8.33 

18.081  -183 

— 

52  -  1 

71  18  0.5 

-  38 

-  1 

+  30 

+  14 

56 

-52  6  24.10 

17.977  -173 

+ 

279  -  5 

75  8  0.2 

- 

- 

+  48 

+  19 

58 

-62  3  22.76 

17.591  -144 

+ 

41-2 

6.5  15  0.5 

+  22 

+  15 

+  74 

+  27 

64 

-51  58  30.15 

+  16.740  -179 

_ 

28    0 

07  10  0.4 

+  4 

+  1 

+  20 

+  6 

66 

-24  16  14.35 

16.460  -234 

_ 

6;i  -  1 

68  18  0.4 

+  19 

+  14 

_  2 

—  7 

67 

-69  6  52.03 

16.438  -  94 

+ 

15  +  1 

68  9  0.3 

-  16 

-  5 

+  25 

+  4 

72 

-68  41  43.49 

15.481  -  93 

+ 

15  -  2 

68  8  0.3 

_ 

_ 

+42 

+  13 

77 

-32  49  33.60 

15.227  -249 

+ 

149  -  1 

80  14  0.5 

-  44 

-  6 

-43 

-  3 

80 

-40  42  19.02 

-(-14.543  -235 

+ 

30  +  1 

66  10  0.4 

+  11 

+  6 

-20 

-  4 

83 

-24  0  59.09 

14  257  -275 

_ 

42  +  1 

69  19  0.8 

-  39 

+  1 

_  7 

+  4 

T*  Eridani 

87 

-72  17  34.67 

14.074  -  17 

+ 

26  -  1 

74  18  0.3 

+  5 

+  12 

+  71 

+  25 

89 

-29  22  52.43 

14.330  -280 

+ 

647  -  3 

74  21  0.9 

+  6 

+  10 

-13 

-  1 

91 

-22  7  18.42 

13.254  -297 

+ 

41    0 

70  19  0.6 

- 

- 

- 

T*  Eridani 

97 

-21  58  5.34 

+  12.226  -311 

21    0 

77  14  0.9 

+  19 

+  18 

-21 

_  2 

t'  Eridani 

98 

-40  36  9.57 

11.931  -257 

_ 

28    0 

71  8  0.3 

_ 

_ 

-50 

-14 

1/  Eridani 

102 

-37  37  45.04 

11.476  -269 

_ 

85  +  1 

69  8  0.3 

_ 

_ 

_ 

_ 

h  Eridani 

]i)4 

-23  32  42.20 

10.791  -314 

_ 

524  +  1 

71  17  0.5 

-179 

-43 

-36 

-  9 

t'  Eridani 

l()(i 

36  30  10  86 

11.040  -277 

- 

46    0 

77  9  0.3 

-  40 

-17 

+  20 

+  3 

g  Eridani 

108 

-74  32  43.81 

+  10.976  +113 

+ 

115  -  2 

68  31  0.6 

-  8 

2 

+  59 

+  11 

109 

-35  1  40.78 

10.763  -286 

_ 

20    0 

75  9  0.3 

-  17 

-  3 

_ 

_ 

/  Eridani 

113 

-61  40  57.48 

10.215  -122 

_ 

23    0 

70  8  0.3 

-128 

-20 

-12 

-  1 

120 

-42  32  27.14 

8.990  -262 

_ 

213  -  1 

68  8  0.4 

+  72 

+  17 

+  24 

+  10 

121 

-62  43  26.75 

9.0(;C)  -104 

+ 

54  -  1 

68  11  0.4 

+  6 

+  10 

+  6 

+  4 

122 

-51  44  19.89 

+  9.170  -210 

+ 

179  -  1 

70  8  0.3 

_ 

_ 

+36 

+  15 

125 

34  14  5().30 

8.504  -302 

+ 

54  -  1 

76  13  0.6 

+  21 

+  12 

-  8 

+  2 

8  Eridani 

126 

-63  37  25.34 

8.579  -  90 

+ 

171  -  2 

71  8  0.3 

_ 

_ 

+49 

+  26 

12!» 

-55  15  6.00 

7.520  -179 



3-1 

67  9  0.4 

+  32 

+  8 

+  18 

+  5 

131 

-42  3  16  82 

6.986  -265 

- 

89  +  2 

68  8  0.3 

+  54 

+  18 

-25 

-  " 

132 

-37  20  23.08 

+  7.162  -294 

+ 

184    0 

68  6  0.2 

_ 

_ 

_ 

_ 

141 

-22  30  18  90 

5.020  -360 

_ 

c,r>       0 

73  37  1.0 

+  17 

-  1 

+  1 

+  3 

151 

-35  32  37.81 

2.770  -309 

_ 

49    0 

73  10  0.4 

_ 

_ 

-19 

•> 

157 

-34  7  38.59 

2.056  -316 

_ 

37    0 

(i9  40  1.2 

-  12 

+  1 

_  2 

-  3 

159 

-35  18  21.19 

1.494  -308 

+ 

395  -  1 

71  15  0.8 

+  5 

+  7 

-20 

-12 

163 

-35  17  .•i,S..33 

+  0.521  -310 

5    0 

74  13  0.6 

-  20 

-11 

_ 

_ 

164 

-45  2  10.18 

+  0.093  -250 

+ 

233  +  1 

70  7  0.3 

+  71 

+  8 

+  1 

0 

1  G  Pup. 

166 

-35  6  25.(;9 

-  1.059  -310 

+ 

77    0 

67  10  0.4 

+  51 

+  12 

+  42 

+  10 

167 

-30  1  8.15 

1.4-13  -334 

_ 

3    0 

79  20  0.9 

+  52 

+  20 

-57 

-20 

170 

-52  38  27.56 

-  1.884  -193 

+ 

14    0 

(i3  24  0.7 

+  9 

+  5 

+  20 

+  7 

Argus 

172 

-22  53  7.45 

-  2.671  -362 

+ 

21    0 

69  20  0.6 

-128 

-14 

+  12 

+  1 

i^  C.  Maj. 

174 

-43  6  29.68 

3.042  -264 

— 

18    0 

62  11  0.5 

00 

+  1 

-14 

0 

Argus 

177 

-32  23  34.35 

4.000  -318 

+ 

6    0 

75  13  0.5 

_ 

_ 

-39 

-11 

178 

-61  50  1.76 

3.834  -  85 

+ 

262  +  1 

71  8  0.2 

+  42 

+  25 

-38 

-14 

180 

-28  50  9.33 

4.740  -332 

- 

1    0 

70  50  1.3 

-  23 

-  4 

-  6 

+  2 

42 
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Second  Section  —  (Declination,  —21°  50' to  —82°). 


B— N 

B  — A 

No. 

Name  and  Ma 

iniluile 

K..V.  15)00 

Ann.  V.  ami  Sec.  V 

ft  and  100  J// 

K|.. 

and  \\l. 

J 

J^ 

J 

a         J^ 

.0001 

.0001 

.0001 

T 

1>- 

P- 

001  .0001 

001  .0001 

181 

or  Can.  Maj. 

3"9 

ll 
6 

57  44.132 

+  2"3895 

+ 

'l2 

—       7 

'o 

80 

16 

0.8 

+ 

s             » 

6-1 

a 

• 

184 

S  Can.  Maj. 

2.1 

7 

4  19.527 

2.4393 

+ 

11 

_       2 

0 

74 

47 

1.3 

+ 

43  +13 

+ 

32+7 

187 

IT  Puppis 

2.7 

7 

13  30.685 

+  2.1191 

+ 

10 

—       5 

0 

71 

17 

0.9 

+ 

25  +    3 

+ 

64  +11 

189 

8  Vohuitis 

.'!.ll 

7 

16  52.910 

-0.0170 

— 

252 

-     10 

0 

65 

8 

0.2 



350  -14 

_ 

16+4 

191 

i;  Can.  Maj. 

2.4 

7 

20     8.375 

+  2.3726 

+ 

11 

—       7 

0 

74 

27 

1.3 

- 

43  -10 

+ 

20  -   2 

194 

0-  Pupi)is 

3.5 

7 

26     3.5.30 

+  1.9034 

+ 

8 

—     55 

+   2 

69 

7 

0.2 

+ 

60  +17 

197 

F.r.  1120. 

4.1 

7 

39  47.626 

2.4079 

+ 

12 

-       6 

0 

81 

15 

0.5 

_          _ 

+ 

36  +   7 

198 

L  2958 

3.4 

7 

41  41.496 

2.1365 

+ 

12 

-     21 

0 

75 

8 

0.3 

_          _ 

+ 

66  +20 

201 

^  Carinae 

3.6 

7 

54  14.197 

1.5271 

— 

30 

-     36 

0 

64 

8 

0.5 

— 

3  +   8 

+ 

60  +15 

203 

^  Puppis 

2.3 

8 

0     4.186 

2.1(I,S1 

+ 

13 

-     28 

0 

72 

14 

0.8 

+ 

26  +16 

+ 

30  +  2 

204 

p  Puppis 

2.9 

8 

3  17.118 

+  2.5545 

+ 

10 

-     65 

0 

70 

83 

2.3 

+ 

9        0 

+ 

20         0 

205 

y  Velonun 

1.9 

8 

6  27.093 

1.8501 

0 

0 

0 

61 

12 

0.6 



7+3 

+ 

67  +20 

207 

L  .'5259 

4.5 

8 

14  48.730 

2.2445 

+ 

21 

-     96 

0 

71 

9 

0.5 

_          _ 

+  147  +37 

208 

c  Carinae 

1.7 

8 

20  27.750 

1.2360 

— 

90 

-     34 

0 

58 

12 

0.5 

+ 

20+9 

+ 

17+7 

211 

P  Pyxidis 

.■!.9 

8 

36  11.270 

2.3475 

+ 

28 

+       7 

0 

82 

9 

0.5 

- 

- 

3+6 

215 

8  Veloi-uni 

2.0 

8 

41  56.569 

+  1.6579 

_ 

20 

+     23 

-  1 

65 

10 

0.5 

+  149  +58 

+ 

88  +18 

218 

L  ;56.s;) 

5.1 

8 

54  31.676 

1.4712 

— 

53 

-      12 

0 

63 

8 

0.3 

+  141  +22 

_        _ 

222 

A.  ^'olonuu 

2.1 

9 

4  19.074 

2.2049 

+ 

45 

-     21 

0 

64 

11 

0.5 

+ 

24-6 

+  106  +30 

225 

j8  Carinae 

2.0 

9 

12     6.251 

0.6763 

— 

357 

-  300 

-  2 

64 

21 

0.7 

+ 

16  +10 

+ 

35+19 

227 

I  Carinae 

')  o 

9 

14  24.768 

1.6059 

— 

23 

-     40 

0 

64 

20 

0.6 

+ 

49  +15 

+ 

33  +11 

229 

e  Pyxidis 

5.1 

9 

17     3.953 

+  2.6541 

+ 

35 

-      15 

0 

77 

17 

0.5 

+  1.-59  +33 

+ 

61  +13 

230 

K  Velorum 

2.6 

9 

19     1.011 

1.8563 

+ 

27 

-     18 

0 

71 

8 

0.4 

+ 

31  +15 

+ 

86  +27 

234 

i/f  Velorum 

3.5 

9 

26  45.692 

2.3599 

+ 

64 

-   165 

-  1 

78 

12 

0.4 

+  112  +15 

+  103  +25  i 

238 

V  Carinae 

3.0 

9 

44  36.165 

1.5019 

— 

47 

-     21 

-  1 

65 

11 

0.4 



5+4 

+ 

63  +18 

241 

<^  Velorum 

3.7 

9 

53  21.087 

2.1014 

+ 

94 

-     21 

0 

73 

9 

0.3 

+ 

44  +12 

+ 

.-.8  +15 

246 

L4212 

4.0 

10 

10  32.242 

+  2.5115 

+ 

lis 

-   149 

o 

68 

7 

0.3 

+ 

62  +   4 

+ 

75  +23 

248 

cu  Carinae 

3.6 

10 

11  21.651 

1.4316 

_ 

73 

—     55 

0 

72 

10 

0.3 

_          _ 

_ 

50  -14 

254 

L4319 

4.0 

10 

22  24.645 

1.1994 

_ 

222 

-     66 

-  1 

73 

10 

0.2 

_          _ 

+ 

53  +26 

255 

a  Antliae 

4.2 

10 

22  34.568 

2.7418 

+ 

97 

-     51 

0 

77 

20 

0.6 

+ 

63  +   9 

+ 

90  +25 

259 

6  Carinae 

3.0 

10 

39  23.280 

2.1304 

+ 

201 

-     32 

-  1 

60 

9 

0.5 

+ 

20  +10 

+ 

43  +18 

260 

■q  Carinae 

Var. 

10 

41  10.840 

+  2.3180 

+ 

220 

+       4 

0 

61 

18 

0.5 

+ 

35  +   5 

+ 

50  +17 

261 

/jL  Velorum 

2.8 

10 

42  28.020 

2.5692 

+ 

197 

+     52 

0 

71 

9 

0.4 



10  -14 

+ 

14  -   3 

265 

L  4515 

4.1 

10 

49  25.713 

2.4219 

+ 

251 

+     60 

+  1 

70 

7 

0.2 

_          _ 

_ 

50  -10 

272 

P  Crateris 

4.5 

11 

0  44..34S 

2.9461 

+ 

99 

-       1 

0 

76 

32 

1.5 

+ 

23-1 

+ 

40  +11 

278 

TT  Centauri 

4.4 

11 

16  26.723 

2.7219 

+ 

.308 

-     37 

-  1 

67 

6 

0.3 

- 

+ 

47  +14 

284 

^  Hydrae 

3.6 

11 

28     4.967 

+  2.9440 

+ 

166 

-   155 

-  1 

78 

21 

0.7 

+ 

30  +   3 

+ 

37  +15 

285 

\  Centauri 

3.3 

11 

31  10.039 

2.7452 

-h 

451 

-     54 

-  1 

71 

8 

0.4 

+ 

99  +18 

+ 

89  +29 

294 

8  Centauri 

2.8 

12 

3  10.461 

3.0904 

+ 

382 

-     41 

0 

68 

10 

0.5 

+ 

51+9 

+ 

48  +10 

295 

u  Corvi 

4.2 

12 

3  15.253 

3.0869 

+ 

156 

+     60 

+  1 

70 

18 

1.2 

_          _ 

_        _ 

296 

e  Corvi 

3.2 

12 

4  58.846 

3.0794 

+ 

143 

-     47 

0 

71 

65 

1.2 

+ 

4+4 

+ 

44  +14 

297 

p  Centauri 

4.2 

12 

6  25.422 

+  3.1153 

+ 

410 

-     47 

-  1 

72 

6 

0.3 

_ 

299 

8  Crucis 

3.1 

12 

9  49.966 

3.1590 

+ 

532 

-     58 

-  1 

68 

9 

0.4 



184  -79 

+ 

17+8 

302 

/3  Chauiael. 

4.3 

12 

12  28.462 

3.4221 

+  1865 

-  160 

-  8 

66 

28 

0.0 

+ 

39  +27 

— 

35  +11 

306 

€  Crucis 

3.5 

12 

15  57.695 

3.2090 

+ 

585 

-  234 

-  4 

71 

5 

0.3 

_          _ 

+ 

48  +13 

309 

y  Crucis 

1.6 

12 

25  36.988 

3.3001 

+ 

550 

+     21 

+   1 

68 

9 

0.5 

+ 

58  +49 

+ 

17-2 

311 

P  Corvi 

2.7 

12 

29     7.981 

+  3.1437 

+ 

165 

0 

0 

69 

95 

2.6 

+ 

30+7 

+ 

43  +12 

313 

y  Centauri 

2.4 

12 

35  59.977 

3.2878 

+ 

417 

-  201 

2 

68 

10 

0.5 

__ 

13-6 

+ 

54  +12 

314 

/3  Crucis 

1.5 

12 

41  52.511 

3.4722 

+ 

660 

-     66 

-  1 

60 

12 

0.6 



9-2 

— 

2+3 

319 

8  Muscae 

3.6 

12 

55  23.208 

4.0537 

+  1426 

+   520 

+  15 

74 

13 

0.3 

+ 

28  +26 

+ 

15  +26 

325 

I  Centauri 

3.0 

13 

14  58.440 

3.3583 

+ 

303 

—   282 

_  2 

75 

16 

0.9 

+ 

90  +12 

+ 

60  +19 

329 

L  5569 

4.0 

13 

25  14.630 

+  3.4629 

+ 

342 

-     12 

0 

70 

9 

0.3 

+ 

82  +24 

331 

c  Centauri 

2.6 

13 

33  32.950 

3.7716 

+ 

592 

-     37 

0 

67 

10 

0.5 

+ 

20+3 

+ 

36+7 

335 

^  Centauri 

2.8 

13 

49  17.963 

3.7194 

+ 

471 

-     61 

0 

69 

10 

0.5- 

+ 

23+9 

+ 

77  +23 

338 

/?  Centauri 

0.8 

13 

56  45.799 

4.1931 

+ 

848 

-     33 

0 

64 

24 

0.9 



29+1 

+ 

36  +22 

339 

6  Centauri 

2.2 

14 

0  47.742 

3.5155 

+ 

318 

-  431 

0 

75 

18 

0.8 

+ 

22+7 

+ 

57  +23 

N"-'-  531-532 
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43 

Second  Section  —  (Declination,  -21°  50'  to  -82°). 

1 

B-X         1 

B  — A 

Xo. 

Decl.  1900 

Ann.  V.  and  See.  V. 

fi'  and  100  J/^'     | 

Ep.  and  Wt. 

J8       J//      i 

JS        J^' 

.001 

.001 

.001 

T     pa       p,. 

.01      .001 

.01      .001 

181  1 

-27°  47  29'.62 

-   5^000   -335 

-  's 

0 

79  10  0.7 

-  43  -  '5 

'_ 

184  1 

-26  14     3.91 

5.555   -339 

2 

0 

76  43  1.3 

-  37  -  5 

-30   -   5 

187 

-36  55     4.29 

6.328   -290 

+      1 

0 

67  16  0.8 

+  49  +10 

+   1-4 

Argus 

189 

-67  46  26.76 

0.600   +      5 

0 

0 

71     9  0.2 

+  28  +   6 

+  33  +15 

191 

-29     6  28.78 

6.865  -322 

+     3 

0 

74  22  1.1 

-   27   -  4 

-21   -  6 

194  i 

-43     5  56.19 

-   7.174   -254 

+  178 

+  1 

67  10  0.4 

-  39   -   2 

_ 

Ai-us 

197 

-28  42  56.60 

8.466   -315 

-  10 

u 

81  14  0.4 

- 

-24   -   7 

I  Puppis 

198 

-37  43  33.01 

8.616  -277 

-  10 

0 

70  10  0.4 

- 

-   1   -  6 

t  Pujjpis 

201 

-52  42  50.60 

9.566   -191 

+   18 

0 

68  10  0.5 

+   22+12 

+  16  +  4 

Argus 

203 

-39  43  16.97 

10.021   -261 

+  .  8 

0 

68  14  0.8 

+  24  +13 

-   8   -   2 

Argus 

204 

-24     0  57.37 

-10.226  -315 

+   45 

+  1 

71  64  1.8 

-  36  -   7 

-37   -   5 

Argus 

205 

-47     2  30.54 

10.507   -225 

+     1 

0 

63  15  0.7 

+     8   +12 

+  41   +14 

Argus 

207 

-36  20  57.69 

11.035   -266 

+   89 

+  1 

71  11  0.4 

_ 

+  22   +   7 

tj  Pup]iis 

208 

-59  11  15.50 

11.519   -142 

+   13 

0 

62  13  0.6 

—     5  +   5 

+  11   +11 

Argus 

211 

-34  57  12.04 

12.649   -261 

-  20 

0 

73     8  0.4 

- 

+   7   +   7 

215 

-54  20  31.77 

-13.109  -179 

-  94 

0 

69  13  0.5 

-51+6 

+  24   +   4 

Argus 

218 

-58  50  35.77 

13.836   -149 

-     3 

0 

66     9  0.3 

+   20  +16 

- 

i'  Carinae 

222 

-43     1  43.71 

14.435   -217 

+     5 

0 

65  14  0.6 

+   19    +11 

-18   -   1 

Argus 

225 

-69  18  18.89 

14.804   -  57 

+  100 

+  3 

67  23  0.8 

+     8   +   7 

+  34   +10 

Argus 

227 

-58  51  20.27 

15.034   -148 

+      4 

0 

67  19  0.6 

-  46   -  2 

-10  +  8 

Argus 

229 

-25  32  23.19 

-15.199   -246 

-     9 

0 

74  17  0.6 

+  109  +23 

0   +  3 

230 

-54  35     0.82 

15.301    -168 

0 

0 

70  11  0.5 

+  38  +19 

-30   -11 

Argus 

234 

-40     1  44.14 

15.674    -205 

+   57 

+  1 

76  12  0.4 

+   28  +18 

-58  -23 

Argus 

238 

-64  36  28.87 

16.644   -115 

+     5 

0 

67  16  0.5 

+  36  +22 

+   2   —   2 

Argus 

241 

-54     5  30.36 

17.066   -153 

—     3 

0 

71  12  0.4 

+   11   +18 

-  3  +  i 

Argus 

1  246 

41  37  35  3? 

-17.771    -160 

+  32 

+  1 

67     9  0.3 

-  38         0 

-70  -23 

/J  Velor. 

248 

-69  32  28.70 

17.838   -  87 

_     2 

0 

74  14  0.4 

_         _ 

+  6-4 

Argus 

254 

-73  31  21.33 

18.276   -   64 

-   19 

+  1 

74  14  0.3 

_ 

+  23   +  8 

I  Carinae 

255 

-30  33  31.27 

18.270  -157 

_     7 

0 

75  18  0.7 

+  20   +16 

-56  -13 

259 

63  52  13  63 

18.804   —   99 

+    10 

0 

67   11   0.5 

+  154   +42 

+  42  +19 

Argus 

260 

-59     9  31.20 

-1S.8()9   -106 

+      4 

0 

63  19  0.6 

+  23  +13 

-18  -  9 

Argus 

261 

-48  53  30.48 

18.972   -117 

-   61 

0 

73  11  0.4 

+  43  +20 

+  8-3 

Argus 

265 

-58  19  19  ?3 

19.079   -   99 

+   25 

0 

69     9  0.3 

- 

-12  +   1 

K  Carinae 

272 

-22  16  47.40 

19.606   -   91 

-  98 

0 

76  24  1.0 

+   43  +  8 

-18   -   3 

278 

-53  56  34.97 

19.700   -   67 

-    14 

0 

07     9  0.4 

- 

-16  +   1 

1  284 

-31   IS  15.71 

-19.911    -   51 

-  58 

0 

76  17  0.7 

-   19   -  4 

-49  -15 

285 

-62  27  59.21 

19.901    -  42 

-   13 

0 

75  10  0.4 

+     5  +14 

+48   +12 

294 

-50     9  55.65 

20.061   +   15 

-   16 

0 

69  13  0.6 

+   29  +14 

+  14   +10 

295 

-24  10  15.97 

20.094    +   15 

-  49 

0 

70  14  0.9 

_ 

- 

296 

-22     3  49.07 

20.(139   +   18 

+     3 

0 

70  40  0.9 

-   12         0 

-64   -17 

297 

-51  48  41.94 

—  20.060   +   22 

-   21 

0 

74     8  0.2 

_         _ 

_ 

299 

-58  11  33.83 

20.054    +   28 

-   26 

0 

69  12  0.5 

+   40   +13 

-35  -1.; 

302 

-78  45  25.04 

20.006   +   36 

+   11 

0 

69  29  0.7 

-     6-6 

+  24   -   3 

306 

-59  50  54.63 

19.909   +   41 

+   89 

0 

72     7  0.3 

_ 

+  42   +  9 

309 

-56  33  11.85 

20.195   +   62 

-273 

0 

69  12  0.5 

-   62   -13 

+  10   -  2 

311 

-22  50  37.48 

-19.945   +   67 

-   60 

0 

70  69  2.1 

-7   +   2 

-22   -  3 

313 

-48  24  38.25 

19.818   +   83 

-    18 

0 

69  12  0.6 

+     2   +   2 

+   6  +   7 

314 

-59     8  31.51 

19.737   +100 

-   24 

0 

65  15  0.7 

+     9   +   9 

+  4  +   6 

319 

-71     0  33.96 

19.491   +152 

o- 

+   2 

74  16  0.4 

(t   +   5 

+  21    +  4 

325 

-36  11     5.65 

19.080   +164 

-   96 

-  1 

74  \ii  0.8 

-   37         0 

+    1+3 

329 

-38  53  27.13 

-18.703   +192 

—   27 

0 

69  10  0.4 

_ 

-9-9 

8  Centauri 

331 

-52  57  28.79 

18.428   +226 

—  28 

0 

70  11  0.5 

-     2  +11 

+   2   +  8 

335 

-46  47  45.73 

17.861    +256 

-   51 

0 

70  11  0  5 

+    IS  +13 

-  9   -  3 

338 

-59  53  26.04 

17.530   +306 

—   29 

0 

69  28  0.8 

-15  +  4 

+53  +24 

339 

-35  52  41.00 

17.853  +262 

-527 

-  3 

73  15  O.S 

-  24  -  3 

-10-4-     1 

44 

THE    ASTRONOMICAI 

JOURNAL. 

N""  531-532 

Second 

Section  —  (Declination,  —21°  50' to  — 

82°). 

1 

B  — N 

B  — A 

No. 

Name  and  Magnitude  | 

R.A.  1900 

Ann.  V.  and  Sec.  V. 

11  and  100  Jfi    \ 

Ep. 

and  Wt. 

Ja          J/i 

Ja         J// 

.0001 

0001  .0001 

T 

p^    P» 

.001  .0001 

.001  .0001 

351 

7^  Centaui'i 

2^5 

14"  29"  9.335 

+  ;/.7915    +   390 

_ 

'27       '0 

66 

8  0.4 

+'l5  +'5 

+'  26  +10 

352 

2.5 

14  35  16.616 

3.9677   +  473 

_ 

18         0 

68 

7  0.4 

+   56  +23 

+  49  +10 

360 

/8  Lnpi 

2.7 

14  51  58.778 

3.9092   +  393 

— 

50         0 

65 

8  0.5 

+   78  +20 

+  46+8 

3ei 

K  Ceiitauri 

3.4 

14  52  39.282 

3.8863   +  378 

— 

7         0 

65 

6  0.3 

-122  -11 

+   79  +28 

364 

a-  Librae 

3.6 

14  58  12.925 

3.5018    +   209 

- 

56         0 

73 

32  1.1 

-28+1 

+  35+15  1 

365 

TT  Lupi 

3.8 

14  58  18.435 

+  4.06:J7    +   451 



27         0 

73 

9  0.3 

_ 

+   .53  +14 

367 

K  Lupi 

4.2 

15     4  58.749 

4.1463   +   475 

— 

117         0 

71 

7  0.3 

+   49+6 

- 

3G8 

^  Lupi 

3.5 

15     5     5.933 

4.2841   +  548 

— 

120         0      71 

7  0.3 

+   13+6 

+  100  +22 

370 

y  Tri.  Austr. 
f  Tri.  Austr. 

3.0 

15     9  34.190 

5.5348   +1397 

_ 

106  -   1 

66 

10  0.4 

+   70  +31 

+   .34  +21 

381 

4.1 

15  27  33.854 

5.4354   +1125 

+ 

33   +    3 

67 

7  0.3 

- 

-   12  +10 

382 

y  Lupi 

y3  Tri.  Austr. 

3.0 

15  28  28.501 

+  3.9822   +  351 



16         0 

67 

10  0.5 

+   11+3 

+  85  +32  ; 

394 

3.1 

15  46  19.726 

5.2448   +   873 

— 

284   +   7 

67 

8  0.4 

-     4+7 

+   32  +  8  1 

397 

p  Scorpii 

4.0 

15  50  42.526 

3.6952   +   199 

— 

12         0 

73 

12  0.7 

- 

+   51  +18 

399 

w  Scorpii 

3.0 

15  52  48.065 

3.6210   +   178 

— 

11         0 

76 

22  1.1 

+     7-1 

+   .50  +14 

401 

r]  Lupi 

3.S 

15  53  29.588 

3.9627    +   267 

- 

23         0 

74 

9  0.4 

- 

- 

402 

8  Scorpii 

2.7 

15  54  25.147 

+  3.5403   +   158 



8         0 

71 

60  2.0 

+    17+4 

+   26+9 

406 

8  Tri.  Austr. 

4.0 

16     6  20.020 

5.4240   +   783 

+ 

13   +   1 

69 

4  0.2 

- 

+   56  +28 

408 

L  6764 

4.2 

16  12  21.328 

4.4701    +    373 

_ 

180         0 

73 

8  0.3 

+  118  +36 

+  49  +12 

410 

0-  Scorpii 

3.0 

16  15     6..->39 

3.6396   +   154 

_ 

8         0 

73 

41  1.4 

+     8+3 

+  44  +14  ! 

413 

y  Apodis 

3.9 

16  18     6.283 

9.0568   +3206 

- 

386   +  4 

71 

15  0.4 

+   47  +23 

+  151  +54 

416 

u  Scorpii 

1.3 

16  23  16.483 

+  3.6719   +   149 

_ 

6         0 

68 

93  3.4 

+     40 

_ 

417 

L  6850 

4.4 

16  24  50.794 

3.9122   +   192 

— 

2         0 

82 

11  0.4 

+   34+5 

+   94  +41 

422 

T  Scorpii 

2.8 

16  29  39.363 

3.7279    +   150 

_ 

8         0 

72 

36  1.4 

+     8+5 

+   46  +17 

426 

«  Tri.  Austr. 

1.9 

16  38     4.380 

6.3115   +  889 

+ 

40   +   3 

64 

32  0.7 

+   27  +12 

+   18  +18 

428 

ri  Arae 

3.6 

16  41     8.890 

5.1591   +   446 

+ 

42   +   1 

73 

7  0.3 

- 

+  65  +30  ; 

429 

£  Scorpii 

2.3 

16  43  41.120 

+  3.8783   +    161 



496   +   1 

7.5 

19  1.1 

+   30  +10 

+   48+9 

430 

fx}  Scorpii 

3.3 

16  45     5.720 

4.0557   +   177 

— 

11         0 

73 

11  0.6 

+  130  -   7 

-20+3 

431 

iJ  Scorpii 

3.7 

16  45  33.669 

4.0547   +    176 

— 

18         0 

78 

7  0.3 

- 

-2+6 

432 

C  Arae 

3.0 

16  50  20.588 

4.94S5   +   342 



25   +   1 

71 

8  0.3 

+  328  -10 

+  64  +32 

433 

£  Arae 

4.2 

16  51  36.701 

4.767(1   +   294 

- 

9         0 

70 

8  0.3 

+  31+2 

+   60+19 

438 

r]  Scorpii 

3.4 

17     4  59.403 

+  4.2891   +   170 

+ 

17   +   4 

68 

10  0.4 

+  33-6 

+   34+4 

444 

$  Opliiuchi 

3.3 

17  16  52.058 

3.6811   +     78 

_ 

1         0 

71 

70  1.7 

+   19+5 

+   58  +18 

445 

y  Arae 

3.4 

17  16  58.542 

5.0393   +   225 

_ 

5         0 

65 

S  0.4 

- 

+  33  +17 

446 

)3  Arae 

2  7 

17  16  59.153 

4.9765   +   217 



16   +   1 

67 

8  0.3 

-   19  -12 

+     4+2 

447 

Br.  2198 

4.1 

17  20  15.755 

3.6607   +     72 

0   +   1 

75 

30  1.1 

+   34+9 

+   51  +19 

448 

V  Scorpii 

2.8 

17  23  57.872 

+  4.0747   +     94 

__ 

1         0 

82 

11  0.4 

+  102  +23 

+  69  +20 

449 

a  Arae 

2.9 

17  24     6.648 

4.6.309  +   146 

— 

34   +    1 

62 

10  0.5 

+   18+2 

+  51  +16 

450 

Br.  2209 

4.8 

17  25  18.851 

3.6577   +     64 

+ 

3         0 

72 

25  1.3 

- 

+  70  +18 

451 

\  Scorpii 

1.8 

17  26  49.052 

4.0697   +     87 

_ 

3         0 

76 

16  0.8 

+   16        0 

+  56  +19 

453 

6  Scorpii 

2.0 

17  30     7.967 

4.3062   +     96 

+ 

10         0 

67 

7  0.3 

+   62  +19 

+   41  +19 

456 

K  Scorpii 

2.6 

17  35  34.177 

+  4.1471    +     72 

_ 

5         0 

73 

12  0.6 

-  33  -10 

+   61  +20 

462 

i}  Scorpii 

3.1 

17  40  35.426 

4.1930    +      62 

+ 

4         0 

67 

10  0.5 

-  23  -  2 

+  45  +11 

464 

L7449 

3.2 

17  43     3.053 

4.0819   +      51 

+ 

48         0 

77 

7  0.3 

- 

+   23  +21 

472 

e  Arae 

3.8 

17  58  50.846 

4.6704   +      17 

_ 

2   +   1 

69 

7  0.3 

+   66+8 

- 

473 

y  Sagittarii 

3.0 

17  59  23.039 

3.8530   +     20 

- 

42   +   2 

79 

38  0.9 

+   38  +13 

+   60  +13 

476 

£  Telescopii 

4.5 

18     3  48.418 

+  4.4529   +       2 

_ 

18         0 

73 

8  0.4 

+  248  +49 

+   77  +19 

479 

Y)  Sagittarii 

3.1 

18  10  51.676 

4.0600  -       6 



107   +   2 

81 

14  0.4 

-4+2 

+   83  +25 

481 

8  Sagittarii 

2.8 

18  14  35.547 

3.8415   -       8 

+ 

31         0 

76 

26  1.0 

+   15+8 

+  46  +14 

483 

£  Sagittarii 

1.9 

18  17  32.080 

3.9823   -     18 

_ 

35   +   1 

73 

19  1.1 

+   12+6 

+   35+6 

484 

X  Sagittarii 

2.9 

18  21  47.970 

3.7027   -     12 

- 

36   +   2 

74 

50  1.9 

+     6-2 

+  47  +12 

486 

^  Pavonis 

4.0 

18  31  21.117 

+  7.0287.-  431 

_ 

37   +10 

71 

14  0.4 

+   71  +21 

+   53  +25 

488 

(f  Sagittarii 

3.3 

18  39  24.563 

3.7499   -     44 

+ 

30         0 

75 

32  1.3 

I    +   32  +   5 

- 

491 

o-  Sagittarii 

2.1 

18  49     3.903 

3.7219   -     55 

+ 

7   +   1 

71 

51  1.8 

+  .36  +10 

+  56  +17 

497 

^  Sagittarii 

2.7 

18  56  15.013 

3.8202   -     78 



13         0 

76 

26  1.0 

+   43  +11 

+   71  +20 

500 

T  Sagittarii 

3.5 

19     0  41.858 

3.7485  -     72 

- 

44   +   2 

78 

20  1.0 

-     3+2 

+   70  +19 

N°^-  531-5;iL' 
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Second  Section  — 

(Declination,  -21°  50' 

to  -82°) 

. 

U- 

N 

li- 

-.V 

1 

No. 

Decl.  1900 

Ann.  V.  and  Sec.  V. 

/i'  and  100  J/i' 

Ep.  and  VVt. 

JS 

>' 

J8 

Jp' 

.001 

.001 

.001 

T     m    p.- 

.01 

.00] 

.01 

.001 

;i5i 

-41°  43'  6!99 

-15!979  +  342 

-"30 

"0 

68  10  0.5 

-  25 

+  "2 

-'10 

+'6 

;i52 

-46  57  32.18 

15.643  +  369 

-  24 

0 

67  9  0.5 

+  9 

+11 

+  21 

+  9 

1 

360 

-42  43  52.12 

14.714  +  395 

-  51 

0 

67  10  0.5 

+  18 

+11 

+  6 

+  10 

361 

-41  42  10.60 

14.656  +  394 

-  34 

0 

67  8  0.4 

-  57 

-  8 

—  7 

-12 

364 

-24  53  20.61 

14.341  +  364 

—  56 

-  1 

73  28  1.1 

—  55 

-  8 

-10 

_  2 

V  Scorpii 

36.-, 

46  39  35  55 

-14.314  +  422 

-  35 

0 

72  12  0.4 

_ 

_ 

+  4 

+  3 

367 

-48  21  27.18 

13.924  +  441 

-  60 

-  1 

74  9  0.2 

-  9 

+  2 

- 

- 

368 

-51  43  7.07 

13.920  +  456 

-  64 

-  1 

72  9  0.4 

-  45 

+  2 

+  18 

+  9 

370 

-68  18  36.08 

13.591  +  599 

—  20 

-  1 

70  14  0.4 

+  54 

+  22 

+  60 

+22 

381 

-65  58  50.09 

12.440  +  630 

-  68 

0 

70  8  0.3 

- 

- 

+  64 

+20 

382 

-40  49  50.06 

-12.342  +  463 

-  33 

0 

66  12  0.5 

+  55 

+  16 

+  10 

+  8 

394 

-63  7  18.73 

11.430  +  640 

-389 

-  3 

.  69  11  0.4 

+  50 

+  18 

+  41 

+  17 

39? 

-28  55  19.66 

10.750  +  460 

-  31 

0 

73  13  0.6 

_ 

_ 

-26 

-  3 

399 

-25  49  34.59 

10.600  +  453 

-  30 

0 

74  20  1.2 

-  24 

+  12 

+  17 

+  3 

401 

-38  6  39.04 

10.546  +  496 

-  34 

0 

72  10  0.4 

- 

- 

- 

402 

-22  20  14.05 

-10.480  +  445 

-  37 

0 

73  53  2.0 

-  34 

0 

-  6 

+  2 

406 

-63  25  48.07 

9.556  +  700 

-  16 

0 

72  6  0.3 

- 

- 

+  13 

+  2 

408 

-49  54  36.62 

9.126  +  583 

-  52 

2 

71  10  0.4 

+  17 

+  11 

+  27 

+  12 

y^  Normae 

410 

-25  21  10.53 

8.891  +  480 

-  33 

0 

72  34  1.4 

-  26 

+  6 

—  25 

-  6 

413 

-78  40  20.94 

8.700  +1.196 

-  78 

—  5 

74  18  0.3 

+  25 

+  4 

+  35 

+  1 

416 

-26  12  36.85 

-  8.247  +  492 

-  35 

0 

70  70  2.4 

-  46 

—  7 

_ 

_ 

417 

-34  29  11.08 

8.108  +  525 

o<) 

0 

76  11  0.4 

+  10 

+  6 

+  7 

+  6 

N  Scorpii 

422 

-28  0  31.18 

7.736  +  505 

-  37 

0 

75  24  1.0 

-  28 

2 

-26 

—  7 

426 

-68  50  38.13 

7.043  +  866 

—  28 

+  1 

68  31  0.6 

+  60 

+  21 

+  77 

+  20 

428 

-58  51  46.10 

6.809  +  712 

-  47 

+  1 

73  10  0.3 

- 

- 

-12 

-  4 

429 

-34  6  42.39 

-  6.811  +  529 

-258 

—  7 

72  17  0.9 

+  23 

+  4 

+  14 

+  7 

430 

37  52  3'^  8-^ 

6.466  +  563 

-  30 

0 

69  12  0.6 

-  28 

-  6 

+  12 

+  2 

431 

-37  50  49.39 

6.429  +  563 

-  32 

0 

69  8  0.4 

_ 

- 

-  4 

+  3 

432 

-55  49  56.09 

6.04(i  +  690 

-  40 

0 

71  11  0.4 

-   4 

+  2 

+  15 

-  1 

433 

-53  0  24.28 

5.898  +  667 

-  4 

0 

70  10  0.4 

+  17 

+  12 

-19 

-  8 

t' 

438 

-43  6  26.42 

-  5.062  +  610 

-290 

0 

67  14  0.5 

+  39 

+  10 

-  3 

-  6 

444 

-24  53  59.27 

3.866  +  528 

-  30 

0 

72  48  1.4 

-  20 

+  6 

—  5 

-  3 

445 

-56  17  0.20 

3.751  +  724 

-  10 

0 

67  11  0.4 

_ 

_ 

+  11 

+  1 

446 

-55  26  7.03 

3.775  +  714 

-  35 

0 

70  11  0.4 

-  26 

—  7 

-  1 

-12 

447 

-24  5  0.43 

3.589  +  527 

-130 

0 

73  30  1.1 

-  12 

+  7 

0 

-  6 

44  Ophiu. 

448 

-37  12  57.67 

-  3.181  +  588 

-  42 

0 

70  9  0.4 

-  10 

_  7 

+  5 

-  4 

449 

-49  47  48.78 

3.216  +  668 

-  89 

0 

06  12  0.0 

-  17 

-  6 

-20 

-10 

450 

-23  53  7.46 

3.058  +  529 

-  36 

0 

74  19  0.9 

_ 

_ 

-36 

-  G 

51  Ophiu. 

451 

-37  ]  51.23 

2.926  +  588 

-  34 

0 

73  14  0.8 

-  41 

-  6 

•> 

+  5 

453 

-42  56  3.08 

2.620  +  623 

-  15 

0 

67  9  0.4 

—  25 

—  6 

+  2 

2 

456 

-38  68  42.20 

-  2.159  +  602 

-  20 

0 

71  13  0.6 

-  68 

-11 

-19 

-14 

462 

-40  5  17.83 

1.708  +  610 

-  12 

0 

72  11  0.4 

-  18 

—  5 

-56 

-13 

464 

-37  0  40.87 

1.458  +  595 

+  23 

+  1 

74  8  0.3 

- 

- 

—  5 

+  1 

G  Scorpii 

472 

-50  5  52.88 

0.136  +  681 

-  35 

0 

70  10  0.3 

+  32 

+  15 

- 

- 

473 

-30  25  31.16 

-  0.250  +  561 

- 190 

-  1 

80  34  0.8 

-  " 

+  2 

-24 

-10 

476 

-45  58  17.91 

+  0.296  +  649 

-  37 

0 

72  10  0.5 

+  10 

+  8 

+  11 

-  1 

479 

-36  47  30  32 

0.781  +  589 

-109 

t) 

74  12  0.5 

—  77 

-16 

-16 

-  8 

481 

-29  52  14.43 

1.237  +  559 

-  39 

0 

75  21  0.8 

-  IS 

—  5 

-20 

—  7 

483 

-34  25  54.70 

1.405  +  578 

-127 

-  1 

71  18  1.1 

-  34 

—  5 

+  24 

+  11 

484 

-25  28  37.41 

1.710  +  536 

-194 

0 

72  37  1.6 

-  1 

+  5 

-36 

-11 

486 

-71  30  49.23 

+  2.573  +1014 

-101 

-  1 

75  17  0.2 

+  11 

+  4 

+  36 

+  8 

488 

-27  5  37.04 

3.426  +  538 

-  4 

0 

73  28  1.2 

-  26 

+  2 

_ 

- 

491 

-26  25  15.74 

4.191  +  528 

-  68 

0 

73  47  1.6 

-  19 

+  7 

+  2 

0 

497 

-30  1  23.07 

4.868  +  538 

-  3 

0 

76  22  0.8 

+  45 

+  16 

-31 

-12 

500 

-27  49  0.10 

4.984  +  524 

-263 

-  1 

76  18  0.8 

-  30 

-10 

-41 

-13 
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N"'  531-532 


Second  Section  —  (Declination,  —21°  50' to  —82°). 


U  —  S 

B  — A 

No. 

Name  and  Magnitude 

R.A.  1900 

Ann.  V.  and  Sec.  V. 

fi  and  100  J/i 

Ep. 

and  Wt. 

Jo             J/l 

Ja          J/i 

.0001 

.0001    .0001 

r 

P- 

P- 

.001  .0001 

.001  .0001 

503 

a  Coron.  Austr.  4.2 

1 
19 

2"'40.'222 

+  4^0874 

8 

-   122 

+     '75    +°  1 

77 

8 

0.3 

+   92  +24 

+   84  +28 

514 

Br.  2478 

4.5 

19 

30  37.384 

3.6555 

-    104 

+      53          0 

71 

56 

1.2 

+  39+9 

+   81   +26 

524 

Br.  2549 

4.6 

19 

56  30.641 

3.6956 

-   148 

+      28         0 

7() 

41 

1.5 

+   30  +   5 

+   72  +25 

531 

u  ravonis 

2.0 

20 

17  44.337 

4.7743 

-   595 

+      10   +   2 

62 

19 

0.5 

+   58  +10 

+   50  +16 

537 

rt  Indi 

3.2 

20 

30  32.117 

4.2372 

-    402 

+     41-1 

65 

8 

0.4 

+  107  +14 

+   48  +11 

541 

/?  I'avonis 

3.5 

20 

35  57.031 

+  5.4611 

-1164 

-      75         0 

65 

11 

0.4 

+   13+5 

+    19  +14 

543 

\j/  CapricoMii 

4.2 

20 

40  10.569 

3.5591 

-   167 

-41+1 

1 1 

20 

1.0 

-      1        0 

+   39  +15 

548 

/3  Iiuli 

3.7 

20 

46  59.780 

4.7220 

-  734 

+      12         0 

71 

7 

0.3 

-  20  -  5 

+   53  +21 

563 

y  Favonis 

4.2 

21 

18  10.679 

5.0169 

-1240 

+    13(t   -23 

65 

10 

0.4 

-   41  -25 

+   36  +14 

564 

f  Capricorni 

4.1 

21 

20  57.554 

3.4324 

-    16(; 

.0         0 

74 

33 

1.3 

-     5-4 

+   67  +20 

575 

y  Gruis 

3.2 

21 

47  52.555 

+  3.6472 

-  810 

+     91         0 

76 

14 

0.6 

+   75+14 

+   95  +31 

578 

n  Gruis 

1.9 

22 

1  55.985 

3.8018 

—  455 

+   123         0 

64 

21 

0.6 

+  52  +13 

+   53  +12 

5S3 

«  Tucanae 

2.9 

09 

11  39.181 

4.1486 

-   846 

-107+2 

61 

11 

0.5 

+   71  +11 

+   27  +14 

592 

/3  Octantis 

4.4 

'>•> 

35  50.958 

6.4162 

-6264 

-  295   +19 

67 

20 

0.4 

+  106  +   9 

+   75  +28 

594 

li  Gruis 

2.1 

OO 

36  41.854 

3.6015 

-  435 

+   123   -    1 

67 

8 

0.3 

-     0-10 

+   28-1 

597 

e  Gruis 

3.7 

oo 

42  30.950 

+  3.6466 

-  516 

+101-1 

(hS 

8 

0.3 

+   20  +   8 

+   87  +22 

603 

u  Pise.  Austr. 

1.3 

oo 

52     7.579 

3.3240 

-   211 

+251-1 

68 

69 

1.9 

+     9-1 

- 

609 

y  Tucanae 

4.0 

23 

11  35.675 

3.5292 

-   636 

-     55         0 

66 

9 

0.4 

+  25+2 

+   62  +26 

616 

P  Sculptoris 

4.6 

23 

27  36.649 

3.2291 

-   258 

+     77         0 

79 

11 

0.4 

+  41+6 

+   84  +26 

621 

8  Sculptoris 

4.6 

23  43  43.107 

3.1322 

-   160 

+     SO         0 

73 

45 

0.8 

+  56  +21 

+  108  +36 

riiiRD  Sp:ction 

— 

(Declinations  north  of  +8 

2°  and 

south  of 

-8 

2°). 

1 

B- 

-> 

B- 

-A 

No. 

Name  and  Magnitude 

K.A.  1000 

Ann.  V.  and  Sec.  V. 

/i  and  100  J/i 

Ep. 

and  Wt. 

Ja 

J/. 

Ja 

J,. 

. 

.0001 

.0001 

T 

P- 

P- 

.00 

.0001 

.001 

.0001 

28 

43  H  Cephei 

4.5 

1 
0 

55     1.569 

+ 

7!3964+    L4817 

+  ^769 

+°97 

74 

62 

3.3 

+°98 

■+' 

55 

-'    9 

-°13 

39 

a  Ursae  min. 

2.1 

1 

22  33.276 

+ 

25.2219  +  20.130 

+  1377 

+  589 

68 

138 

7.7 

+   86 

+ 

10 

-239 

-     3 

117 

Gr.  750 

6.1 

4 

5     5.719 

+ 

17.3154+   1.7966 

+    145 

+   37 

■f'5 

61 

1.5 

+   72 

+ 

21 

+   62 

—     7 

153 

Gr.  944 

6.4 

5 

29  54.630 

+ 

18.6966+   0.5114 

+    184 

+     4 

73 

30 

1.1 

+  290 

+ 

56 

- 

- 

179 

51  H  Cephei 

5.2 

6 

53  44.292 

+ 

29.6574-   2.6345 

-  469 

-   79 

72 

118 

3.7 

+  302 

+ 

91 

+    16 

+   24 

185 

25  H  Camelop. 

5.3 

7 

10     3.203 

+ 

12.8946-   0.5208 

+     31 

-    16 

71 

50 

2  .') 

-  470 



104 

_ 

251 

30  H  Camelop. 

5.3 

10 

18  54.857 

+ 

7.7197-   0.8984 

-   450 

+   37 

78 

48 

1.0 

—   57 

+ 

19 

+   81 

+  39 

303 

6  B  Ursae  miu 

6.3 

12 

14  23.174 

+ 

0.2482+   0.8188 

—    737 

+  208 

74 

45 

3.0 

+   69 

+ 

14 

- 

- 

315 

32=  H  Camelop. 

5.2 

12 

48  23.221 

+■ 

0.4091+  0.2077 

-    179 

+   15 

69 

40 

2.9 

+   40 

+ 

8 

- 

- 

435 

e  Ursae  min. 

4.4 

16 

56  12.208 

- 

6.3039+   0.3152 

+      72 

-     1 

66 

100 

4.2 

-   14 

+ 

15 

+   28 

+     9 

477 

8  Ursae  min. 

4.4 

18 

4  32.798 

19.4859-  0.1434 

+   209 

-  88 

69 

142 

6.7 

+   78 

+ 

19 

+   91 

+   36 

511 

A  Ursae  min. 

6.6 

19 

22  29.27 

_ 

67.822   -26.888 

-1033 

-414 

71 

122 

4.0 

-310 

+ 

3 

-829 

-203 

550 

76  Draconis 

5.7 

20 

49  50.647 

- 

4.0715-   0.5374 

+    177 

+     2 

78 

44 

1.6 

+   78 

+ 

46 

+  119  +  50 

6 

0  Octantis 

7.2 

0 

12  29.31 

0.7813+   2.3873 

+      49 

-   24 

69 

24 

0.7 

-1.59 



13 

-639 

-356 

51 

L  634 

5.6 

1 

43     7.95 



3.9460+   1.1741 

+   143 

-     8 

77 

20 

0.2 

+   98 

+ 

57 

-   82 

-  41 

200 

L3911 

7.8 

7 

.53     1.62 



44.248   -16.884 

-   445 

—     8 

68 

22 

0.8 

-  61 

— 

43 

-361 

-176 

224 

^  Octantis 

5.5 

9 

11   14.28 



7.8696-   1.6294 

-1075 

-   69  75 

21 

0.3 

+  119  + 

32 

-461 

-180 

328 

K  Octantis 

5.7 

13 

24  42.09 

+ 

8.8359+   1.6060 

-   7.->3 

-   73 

75 

23 

0.3 

+   40 

— 

2 

-180 

-   73 

343 

8  Octantis 

4.1 

14 

10  51.76 

+ 

9.0873+   1.0431 

-   514 

-   32 

68 

21 

0.5 

-   18 

_ 

8 

- 

- 

354 

Lo823 

6.5 

14 

38  59.75 

+ 

24.5623+   8.7.590  -1814 

-181 

68 

28 

0.8 

-  49 

— 

17 

-   69 

-  27 

375 

p  Octantis 

5.7 

15 

20  11.45 

+ 

13.1258+   1.4044 

+   852 

+   16 

74 

25 

0.4 

+     8  + 

12 

-   82 

-  28 

471 

X  Octantis 

5.2 

17 

56     4  25 

+ 

35.718   +   0.3694 

-1151 

+  494 

75 

22 

0.3 

-   92 

— 

98 

-322 

-140 

499 

o-  Octantis 

5.5 

18 

59  43.48 

+ 

102.433  -38.853 

+  1108 

-   65 

70 

30 

0.9  1  +  273 

i 

+ 

9 

-217 

-  55 

570 

L  6460 

6.6 

21 

37  38.63 

+ 

68.373  -88.557 

+      56 

+  814  70 

31 

0.8    +117 

+ 

2 

-163 

-121 

584 

V  Octantis 

5.7 

22 

12  34.94 

+ 

12.8332-  3.1995 

-   426 

+     7  69 

31 

0.8 

-  45 

— 

23 

+     5 

—     5 

611 

T  Octantis 

5.6 

23 

13     9.30 

+ 

10.9791-   5.2362 

+    147 

-   57  69 

34 

0.8 

-183 

— 

52 

-183 

-   78 

622 

y'  Octantis 

5.1 

23 

46  14.49 

+ 

3.6585—   0.3151 

-   291 

+   22  67 

20 

0.5 

-120 

- 

40 

- 

- 

N<>=o3I-5;!2 


THK     ASTltONO  JIIC  AL     JOUKNAL. 


Second  SECTtON  — 

(Declination,  -21°  50' 

to  - 

82"). 

B— N 

B- 

-A 

No. 

Uecl.  1900 

Ann.  V.  and  Sec.  V. 

n'  and 

00  J/i' 

Ep.  and  Wt. 

J8        Jf' 

J8 

J^' 

.001 

.001    .001 

T    p,    p^ 

.01      .001 

.01 

.001 

503 

-38°    3  36*95 

+  5°302  +572 

-112 

+  1 

70     8  0.4 

+ 

24  +  6 

+26 

+   7 

1 

514 

-25     6  15.78 

7.696  +489 

-   26 

+  1 

70  39  1.2 

_ 

7   +   1 

-40 

-13 

h  Sagitt.    ' 

524 

-27  59  16.59 

9.770  +467 

+   12 

0 

79  31  1.0 

_ 

16-1 

-29 

-15 

c  Sagitt. 

531 

-57     3  19.72 

11.251   +569 

-   85 

0 

64  18  0.6 

+ 

11+7 

-17 

-  8 

537 

-47  38  24.67 

12.305  +484 

+   04 

0 

66  12  0.5 

+ 

26  +11 

-26 

-14 

541 

—  66  33  44.55 

+  12.630  +613 

+    IS 

-  1 

68  14  0.4 

+ 

59  +20 

+88 

+  27 

543 

-25  37  49.43 

12.740  +391 

-158 

-  1 

75  21  1.0 

_ 

93   -10 

-25 

-  4 

548 

-58  49  52.94 

13.325  +508 

-   24 

0 

74     9  0.3 

_ 

44  -15 

-32 

-15 

563 

-65  49     6.94 

16.061    +469 

+  807 

+  1 

65  13  0.5 

+ 

64   +23 

+  47 

+  14 

564 

-22  50  40.27 

15.436  +314 

+   25 

0 

74  30  1.5 

- 

10  +   6 

2 

0 

575 

-37  50     6.94 

+  16.790  +283 

-   17 

+  1 

71  15  0.7 

+ 

1    +   4 

+  23 

+  8 

578 

-47  26  43.45 

17.276  +266 

-109 

+  1 

66  23  0.7 

_ 

4  +   6 

+   7 

+   2 

583 

-60  45  29.03 

17.810  +207 

-   38 

-  1 

66  12  0.5 

_ 

77-4 

+43 

+  12 

592 

-81  54  20.88 

18.713  +326 

+     2 

2 

68  27  0.6 

+ 

4         0 

+  65 

+  7 

594 

-47  24  27.19 

18.721   +179 

-   16 

+    1 

69  11  0.4 

+ 

12   +10 

+  21 

0 

i 

597 

-51  50  33.87 

+  18.853  +169 

-   59 

+   1 

71  11  0.4 



35         0 

+  18 

+   7 

603 

-30     9     8.29 

19.005  +134 

-1()9 

+   1 

70  50  1.4 

— 

7   +   2 

_ 

_   . 

609 

-58  47     2.42 

19.684  +   99 

+  83 

0 

68  11  0.4 

+ 

73  +22 

+   3 

+  3 

1 

616 

-38  22  16.82 

19.861   +  58 

+   14 

0 

76  10  0.3 

+ 

16  +  8 

+  57 

+  25 

621 

-28  40  59.91 

19.894   +  24 

-102 

0 

72  28  0.7 

+ 

68  +31 

+  9 

+  3 

Third  Section  — 

(Declinations  north  of  +82°  and  south  of  -82° 

)• 

B- 

N 

B 

—  A 

Xo. 

Decl.  1900 

Ann.  V.  and  Sec.  Y. 

fi'  and  100  -i/i' 

Ep.  and  Wt. 

J8 

J^' 

J8 

J^' 

.001 

.001 

T 

pi 

Pu' 

.01 

.001 

.01 

.001 

28 

+  85  43  14.50 

+  19.407   -0.268 

—     5 

-   3 

80 

65 

2.2 

— 

24 

-    1 

-    1 

+    1 

39 

+  88  46  26.49 

+  18.701   -1.311 

+      1 

_   7 

08 

256 

14^2 

— 

12 

-  3 

-11 

-  3 

117 

+  85  17  28.72 

+  9.008   -2.219 

+  33 

2 

82 

66 

1.3 

_ 

34 

-10 

+  11 

+  4 

151 11  Ceph. 

153 

+  85     8  49.74 

+   2.626  -2.706 

+      1 

-  3 

74 

17 

0.6 

+ 

14 

+  5 

_ 

_ 

I.'VSU  Ceph. 

179 

+  87  12  20.38 

-  4.690  -4.197 

-   38 

+   7 

76 

148 

4.3 

- 

15 

-  3 

+  11 

+   7 

185 

+  82  30  16.00 

-   0.077   -1.790 

-    44 

0 

70 

36 

•1  o 



0 

+   3 

_ 

_ 

251 

+  83     4     2.96 

-18.105   -0.470 

+   23 

+  3 

79 

52 

1.0 

+ 

18 

+  15 

-13 

0 

303 

+  88  15  15.19 

-19.947   +0.010 

+   (iO 

-   1 

76 

36 

2.1 

— 

1 

+   2 

_ 

- 

315 

+  83  57  23.45 

-19.585  +0.020 

+   17 

-   1 

70 

32 

1.8 

+ 

6 

0 

_ 

_ 

435 

+  82  12     7.07 

-  5.511   -0.880 

-     3 

+   1 

74 

130 

4.6 

- 

1 

o 

-   " 

0 

477 

+  86  36  47.01 

+   0.440  -2.837 

+  48 

+  3 

74 

185 

7.8 



10 

+  1 

-14 

_  2 

511 

+  88  59  15.83 

+   7.071    -9.271 

+   11 

-14 

72 

151 

4.8 

+ 

2 

+  2 

-  6 

+   1 

550 

+  82     9  40.11 

+  13.500  -0.442 

+   27 

+   2 

70 

52 

1.8 

+ 

10 

+   2 

+  14 

+   0 

0 

-SS  55     8.30 

+  20.024   -0.002 

+     7 

0 

09 

27 

0.9 

+ 

1 

+   1 

-   1 

+   2 

51 

-85  16  29.30 

+  18.077   +0.242 

+   10 

-    I 

78 

26 

0.2 

_ 

16 

_   2 

-24 

-  9 

4  V,  Oct. 

200 

-88  34  24.89 

-   9.483  +5.091 

+      8 

+  6 

69 

28 

0.8 

+ 

3 

0 

-25 

-10 

A  Oct.     ! 

224 

-85  15  40.87 

-14.816  +0.787 

+   37 

+  10 

77 

28 

0.3 

— 

6 

-   4 

-17 

_   9 

328 

-85  l(i  24.78 

-18.721    +0.470 

—   28 

-   4 

70 

31 

0.4 

- 

4 

—   5 

+  20 

+   2 

343 

-83  12  35.20 

-10.882  +0.720 

-    15 

-   4 

67 

24 

0.6 



9 

■■> 

_ 

_ 

354 

-87  44  30.01 

-15.478   +2.280 

-  02 

-17 

08 

31 

1.0 

+ 

4 

0 

_   7 

-   1 

20  G  Oct. 

375 

—84     7  55.06 

-12.79S   +1.482 

+   75 

+   9 

73 

30 

0.4 

_ 

o 

-  4 

+  13 

-    1 

471 

-87  39  51.4(i 

-   0.473   +5.190 

-129 

-17 

74 

29 

0.4 

— 

8 

—   5 

—   7 

-   4 

499 

-89  15  10.40 

+   5.101  +  14.44 

-     4 

+  16 

69 

42 

1.1 

- 

1 

0 

0 

0 

570 

-89  19     3.10 

+  10.270  +5.795 

-   32 

0 

70 

37 

0.9 



4 

o 

-  4 

-   1 

B  Oct. 

584 

-86  28  33.87 

+  17.954   +0.835 

+   09 

—   3 

71 

37 

1.0 

— 

24 

—   6 

-13 

-    1 

' 

611 

-88     1  52.83 

+  19.045   +0.315 

+    15 

-   4 

(;9 

40 

l.I 

+ 

2 

0 

_   7 

0 

622 

-82  34  28.59 

+  19.998   +0.023 

-   17 

0 

70- 

25 

0.7 

15 

-   1 

- 

- 

48 
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N"'  531-532 


OBSERVATIONS   OF   COMET  6  1902    (/a/././.v/;). 


M.\I>K    WITH     IIIK     11-1.\(II    i;<Jl'.VTOI!IAI.    AT    TIIK    SMITH    <:OI,I,K(iK    OllS  Kli  V  ATOl!  V. 

By  ABBV   E.    TUCKEH. 
[Communicated  by  the  Director,  Ma.ky  E.  Bykd.] 


XoliTU  AMI'TflN,     MASS., 


1902  Greenwich  M.T. 

* 

Comp. 

Ja 

z/S 

App.  a 

App.  8 

log  pA            Red.  to  App.  PI. 

II        in       a 

Oct.     8  15  51  56 

1 

12,    7 

-0°26!57 

-4  51.4 

19  47  32.91 

+  41     8  26.3 

9.719 

0.423 

+2.37  +33.5  1 

21  13  58  16 

3 

8,    8 

+  0  29.18 

+  2  37.4 

17  48  59.16 

+   6  10     9.1 

9.633 

0.758 

+  2.02  +16.1 

25  12  55  46 

4 

12,10 

+0  20.61 

+  1     6.9 

17  34  45.73 

+   0  42     9.4 

9.614 

0.768 

+  2.05  +13.1 

Nov.    2  12  22  48 

5 

12,    6 

+  1  32.72 

-2     2.3 

17  13  29.64 

-   6  42  31.6 

9.628 

0.781 

+  2.02  +   9.2 

7  11     8  18 

6 

8,    6 

-4     4.71 

+0  56.2 

17     2     5.35 

-   9  47  19.7 

9.602 

0.798 

+  2.06  +   7.8 

Mean  Places 

of  Comparison- Stars  for  the  beginning  of  the 

year. 

* 

a 

8                                 Authority 

* 

a 

8 

Authority 

1 
3 

19  47  57.11 
19  48  31.71 
17  48  27.96 

+  41   12  44.2 
+41     5  46.3 
+   67  15.6 

Micro.  Comp.  with  ^  2 
Bonn,  A.G.  13479 
Leipzig  II,  A.G.  8141 

4 
5 
6 

17  34  23.07 
17  11  54.90 
17     6     8.00 

+  0  40  49.4 

-  6  40  38.5 

-  9  48  23.7 

Xicolajew,  A.G.  4375 
Ottakiing,  A.G. Zones 
Paris  III,  21734 

ELEI^IENTS   AND   EPHEMERIS   OF   COMET  cl  190:}  {giacobini), 

By  H.  R.  MORGAX  and  ELEANOR  A.  LAMSOX. 
[Communicated  by  Captain  Colby  M.  Chestkk,  U.S.X.,  Superintendent.] 
The  following  elements  were  deduced  from  three  normal 
places  derived  from  observations  made  at  "Washington  on 
Jan.  21,  22,  23;  30  ;  and  Feb.  5  and  6. 

Elements. 
T  =  1903  March  15.4644  Gr.  M.T. 

■K  =  I3li 


30) 

S  =       2  21     6  - 
(•  =     30  40  20  ) 

7  =  .409204 


Ecliptic  1903.0 


Residuals  (0-C) :     eosfi  J\  =  +1".6  ,  J/S  =  -1".5 

Heliocentric  Coordinates. 

a-  =  r  [9.999905]  sin  (225°  46     7  +  c) 

2/  =  )-[9.768323]  sin  (137  25  31  +  i-) 

.-  =  r[9.908572]  sin  (134  54     2  +  ?;) 

U.S.  Naval  Ohsenatorij,  1903  Feb.  10. 


Ephemerls. 

1903  Gr.  M.T. 

a 

8 

log  .i 

Light 

Feb.  20.5 

23 

43 

42 

+  12     3.8 

0.1174 

5.9 

22.5 

23 

47 

29 

12  48.8 

0.1038 

24.5 

23 

51 

21 

13  33.9 

0.0891 

8.4 

26.5 

23 

55 

17 

14  18.4 

0.0730 

28.5 

23 

59 

17 

15     1.3 

0.0554 

12.1 

Mar.    2.5 

0 

;; 

17 

15  41.4 

0.0361 

4.5 

0 

7 

13 

16  16.8 

0.0150 

18.9 

6.5 

0 

11 

2 

16  45.1 

9.9917 

8.5 

0 

14 

36 

17     2.7 

9.9663 

29.4 

10.5 

0 

17 

46 

17     5.5 

9.9386 

12.5 

0 

20 

25 

16  48.2 

9.9088 

44.5 

14.5 

0 

22 

22 

16     4.9 

9.8771 

16.5 

0 

23 

31 

14  50.2 

9.8442 

62.4 

18.5 

0 

23 

49 

12  59.3 

9.8109 

20.5 

0 

23 

18 

10  29.5 

9.7784 

76.2 

22.5 

0 

22 

4 

7  20.7 

9.7477 

24.5 

0 

20 

17 

+   3  35.4 

9.7200 

82.1 

Brightness  on  Jan.  19.5  is  adopted  as  the  unit. 


CONTENTS. 
Positions  and  Motions  of  027  Standard  Stars,  by  Lewis  Boss. 
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OX   THE   COXYERGEXCY   OF   THE    SERIES    USED   IX    THE   UETERMIXATIOX 
"OF   THE   ELEMEXT8   OF   PARABOLIC   ORBITS, 

By  WILLIAM  ALBERT  UAMILTOX. 


1.  liifrodurtori/.  —  The  elements  of  the  orbit  of  a  comet 
are  usually  determined  by  means  of  the  data  obtained  at 
three  separate,  complete  observations ;  and  it  often  becomes 
a  question  of  importance  to  the  astronomer  as  to  the  suit- 
ability, or  perhaps  one  might  say  the  sufficiency,  of  such  a 
set  of  observations  to  determine  with  accuracy  the  required 
elements.  He  is  confronted  on  the  one  hand  with  a  set  of 
formulas  somewhat  complex  in  their  nature,  and  which  are 
subject  to  limitations  in  their  application  owing  to  the 
properties  of  the  various  functions  involved  in  their  con- 
struction ;  on  the  other  hand,  the  data  of  observation  are 
subject  to  limitations  owing  to  unavoidable  inaccuracies  in 
the  construction  of  the  telescope  and  the  multitude  of  items 
which  fall  under  the  class  known  as  errors.  It  is  thus 
both  a  mathematical  and  a  physical  problem  with  which  he 
has  to  deal,  and  it  becomes  important,  first  that  a  careful 
analysis  be  made  of  the  properties  of  the  formulas  and  the 
conditions  under  which  they  may  be  applied,  and  secondly, 
that  the  errors  which  present  themselves  in  the  observa- 
tions, in  spite  of  the  greatest  care  and  skill  on  the  ol> 
server's  part,  may  not  be  allowed  to  become  obscured  in 
the  final  results  of  the  computation.  It  has  been  the  pur- 
pose of  the  study  of  which  this  paper  is  a  partial  result  to 
investigate  the  formulas  for  computing  conietary  orbits 
from  each  of  these  two  stand-points.  In  pursuance  of  this 
plan  we  have  investigated  among  others  the  nature  of  the 
functions  usually  known  as  tlie  "  ratios  of  the  triangles ;  " 
and  have  found  the  conditions  under  which  thej-  may  be 
develojied  into  power-series  of  the  time-intervals  between 
the  observations.  This  discussion  is  given  in  the  first  part 
of  this  paper.  In  another  part  of  the  investigation,  which 
is  not  included  in  the  present  paper,  we  have  found  the 
effects  of  the  errors  of  the  observations  upon  the  computed 
elements  of  the  orbit  of  a  comet,  using  Olbkus's  method 
as  a  basis  of  the  study.  To  this  is  added  the  results  of  a 
computation,  by  use  of  the  formulas  so  deduced,  of  the 
differentials  of  error  in  an  actual  case. 


(I'X 

= 

k 

k 

{l-\-m)x 

(1 +  '«).'/ 

dt- 

d-z 

dt- 

,.3 

We  proceed  to  discuss  the  ratios  of  the  triangles  and 
convergency  of  the  series,  using  the  following  notation. 

2.  Notation.  — 'Lfit  t^,  t„,  t^  denote  the  first,  second, 
and  third  times  of  observation  respectively.  And  if  /.•- 
denote  the  Gaussian  constant,  and  m  the  mass  of  the  comet 
in  terms  of  the  mass  of  the  sun  taken  as  unity,  then  the 
differential  equations  of  motion  of  the  comet  referred  to 
the  sun's  center  as  origin  of  coordinates  are 


(1) 


where  r  is  the  heliocentric  distance  of  the  comet,  and  x.  y,  z 
are  its  rectangular  cartesian  coordinates.  In  all  practical 
cases  m  will  be  infinitesimal  in  comparison  with  the  mass 
of  the  sun,  and  therefore  may  be  neglected.  Furthermore, 
if  we  so  change  the  unit  of  time  that  the  new  unit  shall  be 
equal  to  the  old  when  the  latter  has  been  multijilied  by  /.-. 
and  denote  the  time  when  expressed  in  the  new  units  bj- 
t  —  t^,  where  t^  is  any  particular  epoch,  we  may  express 
these  eqiiatious  of  motion  very  simply  thus  : 


rf*x 
d? 

rfV 
df' 
d'z 
di" 


(2) 


In  these  equations  the  attractions  of  all  tlie  bodies  of 
the  solar  system  are  neglected  except  that  of  the  sun. 

(49) 
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3.  Preliminari/  Notions. — Suppose,  now,  the  coordinates 
of  the  comet  at  the  time  f^  to  be  j-^,  i/^,  ?„,  and  its  veloci- 
ties to  be 

«^o      ^J[o     ^ 
dt    '    dt    '   dt 

then,  at  any  other  time,  the  coordinates  and  velocities  are 
functions  of  these  initial  conditions  and  t  —  t^;   or,  as  we 

may  write, 

dx.      dij.      df:.      ^ 


/    ■'•o'   .'/o' 


dt 


dt  '  dt 


witli  similar  exjiressions  for  the  other  coordinates  and  the 
velocities. 

Now,  it  is  known  from  the  theory  of  differential  equa- 
tions* that  the  coordinates  and  velocities  are  expansible 
into  power-series  in  t—t^  of  the  form 

(3) 


/(-^^:- ")-[i>-'.H[il 


(f-Q' 


which  have  finite  radii  of  convergency,  if  r  does  not  vanish 
for  t-t^  =  0. 

In  the  partial  derivatives  above,  t  —  t,^  is  to  be  placed 
equal  to  zero  after  differentiation.  Hence  from  (3)  it 
follows  that 


(-t) 


^0 

dt  '  '  '  ' 


dt" 


From  equations  (2)  we  obtain 


d\ 

x" 

df 

"  V 

d\ 

3a-„  dr^ 

1   dx^ 

dt' 

r/  dt 

'   '-o'  <it 

(5) 


E(^uations  (5)  enable  us  to  find  the  coefficients  for  the 
developments  of  the  type  (3),  by  means  of  which  the  co- 
ordinates and  velocities  of  the  comet  at  any  time  t  are 
expressed  as  power-series  of  the  tirae-iutervals  t  —  t^,  the 
coefficients  depending  only  upon  the  coordinates  and  veloci- 
ties at  the  initial  time  t^.  By  means  of  these  developments 
of  the  coordinates,  the  so-called  ratios  of  the  triangles  are 
built  up  in  the  form  of  series  which  depend  upon  particular 
time-intervals  selected  from  those  determined  by  the  three 
observations.  It  is  of  these  latter  series  that  we  wish  to 
find  the  conditions  of  convergency ;  and  it  is  at  once  evi- 
dent that  their  convergency  will  depend  upon  the  con- 
vergency of  the  series  of  the  type  (3),  since  the  ratios  of  the 
triangles  are  simple  functions  of  the  coordinates  alone. 

4.  Convergency  of  Series. — From  well  known  theorems 
of  the  theory  of  functions  it  follows  that  any  expansions 

*  Jordan's  Cours  d^ Analyse,  Vol.  Ill,  p.  99. 


whatever  of  the  ratios  of  the  triangles  into  power-series  for 
given  time-intervals  and  initial  conditions  cannot  have 
greater  radii  of  convergency  than  the  values  which  are 
determined  l)y  the  positions  of  the  poles  and  branch-points 
of  the  expressions  of  those  ratios  as  functions  of  the  time- 
intervals.  First,  however,  we  study  the  nature  of  the 
functions  which  express  x,  y,  z  in  terms  of  t ;  and  from 
these  find  the  true  radii  of  convergency. 

5.  Coordinates  as  Functions  of  the  Time. — From  the 
geometrical  relations  of  the  orbit  of  the  comet  we  have  the 
relations 

X  —  r  [cos((,'  +  a))  cos  Q,  —  sin  (v  +  a>')  sin  Q  cos  /]    1 

1/  =  r[c.os{v  +  o))  sin  Q,  +  sin((,'  +  a))  cos  JJ  cos  i]    J      /g-i 

3  =  r[sin(y-l-<o)  sin/]  \ 

where  v  is  the  true  anomaly,  u>  is  the  argument  of  the  lati- 
tude of  the  perihelion,  Q,  is  the  longitude  of  the  node,  and 
i  is  the  inclination  of  the  orbit  to  the  ecliptic.  The  last 
three  quantities  are  independent  of  the  time;  while  v  and 
)•  are  expressible  in  terms  of  t  by  means  of  the  relations 


1+cos  w 


tan-  -t--tan'-  =  -.^{t  —  U) 


(') 


where  p  is  the  lafus  rectum  of  the  parabolic  path  of  the 
comet  and  77  is  the  time  of  perihelion  passage.  77  and  t  are 
thought  of  as  expressed  in  the  units  described  in  section  2 
above  —  a  usage  -which  we  shall  continue  throughout  this 
paper. 

6.      The  Solution  of  the  Cubic.  —  By  means  of  equations 

(7),  we  are  enabled  to  express  x,  y  and  s  in  terms  of  the 
time-intervals  t—Tl.     In  order  to  do  this  we  introduce  the 

auxiliaries 

3(^-77) 


qr  =  tan  - 
Then  the  second  equation  of  (7)  becomes 


8  + 


ogr 


2t  =  0 


(8) 


(9) 


This  is  the  so-called  normal  form  of  the  cubic  in  the 
quantity  qp.     Its  solutions  by  Cardan's  formula  are 


(10) 


where  y,  =  (t+ ^i-f-r^)'  ,  72  =  (i"— VH"'"-)* .  ^"^5 
e  ,  t-  are  cube  roots  of  unity  (see  Burns  ide  &  Panton's 
Theory  of  Equations,  p.  108). 
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7.  Branch-Points.  We  want  to  express  ()f  as  a  power- 
series  in  T,  and  must  therefore  find  the  branch-points  and 
poles  of  the  function.  At  once  we  have  the  branch- points 
T  =  i  and  T  =  —i,  where   i  =  -v/3i.     Also   t  =  »    is  a 

branch-point,  as  is  easily  seen  by  putting  t  =  — , ,  and  letting 

t'  approach  zero.  This  is  the  same  as  putting  t  =  oo ,  and 
we  easil}'  iind  that  all  three  solutions  have  the  same  value 
at  this  point.  If  now  we  consider  a  RiEMANX-surface  of 
three  sheets  whose  branch-points  are  at  t=  /,  t  =  —i  and 
T  =  00 ,  then  by  the  theory  of  functions  of  a  complex 
variable  we  know  that  when  the  proper  cross-cuts  are  intro- 
duced the  quantity  rj  is  a  uniform  function  of  position  on 
this  surface. 

8.  Connection  of  the  Sheets.  In  order  to  get  a  clear 
idea  of  the  surface  it  is  necessary  to  find  what  sheets  pass 
into  each  other  at  the  two  branch-points  which  are  in  the 
finite  part  of  the  plane.  To  do  this,  we  need  to  follow  only 
the  purely  imaginary  values  of  t  ;  for  the  two  branch-points 
in  question  are  on  the  axis  of  pure  imaginaries.  Indeed, 
we  may  also  consider  the  branch-point  t  =  as  to  be  on 
this  same  axis. 

In  order  to  simplify  matters,  and  at  the  same  time  to 
render  the  reasoning  clearer,  we  make  the  transformation, 

T  =  icose  (11) 

where  6  is  real  or  complex.     Then  y,  and  <j.,  become 
^  y,  =  [j(cos^— i  sin^)]*  =  — le^'s 
(  ly,  =  [i(cos6+ J  sin^)]'  =  —  jg-j 


And,  since  we  ma^'  write     e  =  e  3 
tain  from  (10), 


we   ob- 


(12) 


ffi  = 
T-  = 
Ta  = 


■i(es  +e~  i)  =  — 2jcos- 

-i{ei''-^>  +  e-'zi'--")  =  -2icos(^-^\ 


=   -t(e3''+-'"  +  e- 


,.,)  = 


m 


Now,  from  (11),  if  6  takes  real  values,  t  is  purely  imagi- 
nary, and  takes  values  between  t  =  i  and  t  =  —{■ 
while  if  S  is  a  pure  imaginary,  t  takes  pure  imaginary 
values  with  moduli  greater  than  unity.  Only  when  0  is 
complex  does  t  take  real  or  complex  values.  Hence,  for 
our  purpose,  we  need  consider  onlj*  imaginary  values  of  $. 
or  real  values  of  6,  in  order  to  find  the  connection  of  the 
sheets. 

We  must  notice,  also,  that  t  is  a  periodic  function  of  6 ; 
hence,  when  we  wish  t  to  trace  the  line  between  the  two 
branch-points  but  once,  we  take  the  primitive  period  and 
consider  this  alone.  Now,  in  order  that  r  may  take  only 
pure  imaginary  values  while  (lassiiig  from  t  =  1  to  t  =  —  1, 


$  must  take  the  real  values  between  0  and  tt,  and  therefore 
K  will  take  the  real  values  between  0  and  —  .  We  get  the 
following  correspondence  for  6,  t,  g,,  q^,  (jr, : 


d 

T 

V'l 

<P'. 

<f% 

0 

i 

-2i 

i 

i 

TT 
'2 

0 

-iV3 

0 

i^'Z 

IT 

—  i 

—  i 

—  i 

2i 

Denote  the  branch-points  t  =  i  and  t  =  —  i  by  .-1  and 
A'  respectively.  Then,  from  the  table  above  we  find,  ac- 
cording to  the  period  selected,  that  the  two  values  qr.  and  q-j 
become  equal  when  t  approaches  A ;  but  when  t  arrives  at 
A'  along  the  path  selected  this  does  not  repeat  itself ;  but 
instead  we  have  qt,  =  qr., .  Hence  sheets  qr,  and  qr,  are 
connected  at  r  =i;  while  qp„  and  qri  are  connected  at 
T  =  —  i.  It  follows  that  if  we  start  at  t  =  0  in  the 
T-surface  and  make  a  complete  circuit  once  around  A, 
then  0  and  i^s  will  change  places.  If  we  draw  branch- 
cuts  from  A  to  infinity  and  from  A'  to  negative  infinity, 
the  continuation  of  the  sheets  when  crossing  these  cuts 
will  be 

1.2.3 
■  1.3.2 

1.2.3 


Along  A  to 


Along  .1' to  —  c 


2.1 


All  three  sheets  are  connected  at  t  =  » .  A  section 
along  the  axis  of  pure  imaginaries  will  appear  as  in  Fig.  1. 

It  will  be  of  importance  for  what  follows  to  notice  that 
in  the  ^-plane  the  portion  which  is  bounded  by  the  axis  of 
pure  imaginaries  and  the  line  fl  =  ir  is  a  conform  repre- 
sentation of  the  whole  r-plane  —  each  sheet  being  repre- 
sented once  in  the  fundamental  region. 


F,g.   I. 


>c 


>c 


9.  Poll's  of  q  in  the  Sheets.  It  is  well  known  that, 
where  =  is  a  complex  variable,  the  function  e'  can  become 
infinite  only  for  infinite  values  of  z.  Hence  it  follows  from 
(12),  that  q  cannot  become  infinite  except  for  infinite  values 
of  6.  Moreover,  owing  to  the  periodicity  of  the  function 
e'  which  makes  e"^'''  =  e',  the  above  infinite  value  of  6 
must  be  either  purely  imaginary,  or  perhaps  complex  with 
the  imaginary  part  of  the  complex  expression  infinitely 
great.  But,  from  (11),  such  a  value  of  tf  gives  t  infinite. 
Consequent!}-,    it    follows    that    q   cannot  become  infinite 
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except  for  infinite  values  of  t.    Hence,  there  are  no  poles  of 
(J  in  the  finite  parts  of  tlie  sheets  of  the  RiEMAXN-surface. 

10.  Zeroi's  in  the  Sheets.  By  use  of  (12)  we  are  also 
enabled  to  find  at  once  tlie  zeroes  of  qi  in  the  r-surface. 
Tiie  general  condition  for  the  vanishing  of  qr  is  given  by 
either  of  the  equations 


cos  o  =  *^ 


These  are  virtually  the  same,  since  we  may  get  the  one 
from  the  other  by  putting  6  =  6'±2ir.      It  is  then  only 

necessary  to  find   the   value   of  0  for  which     cos-  =  O". 

Now,  by  methods  well  known  in  the  theory  of  trigonometry 
(see  Chrystal's  Alf/ebra,  Vol.  II,  Chap.  29),  it  is  readily 
proved  that  the  only  values  of  6  (real  or  complex)  which 
satisfy  this  condition  are 

2w+l 


where  n  i.s  a  positive  or  negative  integer  or  zero.  It  fol- 
lows that  only  one  zero  of  qi  is  to  be  found  in  each  funda- 
mental region  of  the  6-plane  for  each  of  the  sheets  of  the 
KiEMANN-surface.  Thus,  for  the  first  sheet,  it  is  that 
value  which  corresponds  to  the  value  of  6  which  gives,  by 
use  of  (11),  T  =  0.  We  have  already  seen  in  the  table 
following  (12)  that  only  one  branch  of  q  vanishes  at  this 
point ;  and  that  the  particular  one  which  vanishes  thus  is 
dependent  entirely  upon  the  sheet  of  the  RiEMANN-surface 
in  which  t  is  found. 

11.  Jie.fume.  We  note  here  the  following  summary  of 
results  as  to  critical  points  upon  the  EiEMAXx-surface 
upon  which  qi  is  a  function  of  position  : 

(13) 


Zeroes  at 


T  =  0  in  the  r-surface 


)  0  =  —  in  the  fundamental  region  of  6-plaue 
(    Poles  —  None  in  the  finite  part  of  the  plane 

.        {'=  ' 

I   Branch-points  K^  T  =   —i 

12.  Rational  Functions  of  q  and  t.  At  this  place  we 
state  the  following  theorem  which  will  be  useful  for  later 
work. 

Every  rational  function  of  q  and  r  is  a  uniform  function 
of  position  on  the  same  RiEMANN-swj^ace  as  that  which 
describes  q  as  a  function  of  r,  and  its  branch-points  are  at 
the  same  places.  (See  Forsythe,  Theory  of  Functions, 
page  369).  It  is  to  be  remembered,  however,  that  this 
theorem  does  not  apply  to  the  zeroes  and  poles  of  such  a 


rational  function  of  q  and  t.     These  may  be  located  differ- 
ently, as  described  in  (13). 

13.      Coordinates  x  and  y   as  f  met  ions  of  t.     We  may 
write  the  first  two  equations  of  (6)  as  follows  : 


.r  =  [(•  cosi'  — s  sine]  f  1+tan-- j  ) 


(14) 


y  =  [CjCosr  — SiSincJf  1 +tan^- 
where    p  =  r(l+cosc);     and 

2c 

—  =  cos  (u  cos  Q  —  snioj  sin  S2  cos  ( 
P 

2s 

—  =  siutu  cos  g^+coso)  sin  SI  cos  i 


—  =  cos  u)  sin  Q  +sin  w  cos  Q,  cos  / 

2a-, 

—  =  sinw  sin  Q,  —  cosai  cos  Q,  cos  i 


Using  the  relations 

1— tan-- 


(15 


2  tan- 


cos  V 


and     sin  v 


1+tan-  ^  l+tan-- 

we  may  write  (14),  where  we  put     tan  -  =  g,     in  the  fori 


J-  ^  c   —  Js  q  —  c  q- 

y  =   ,-j  -2s,q-r^q- 


(16) 


Now,  ill  the  e(juations  (16)  c,  <•, ,  s  and  s,  are  constants, 
independent  of  t;  and,  by  the  theorem  given  in  the  last 
article,  x  and  y,  considered  as  functions  of  t,  are  functions 
of  position  on  the  same  RiEMAxx-surface  which  defines  q 
as  a  function  of  t,  and  the  branch-points  of  x  and  y  are 
gi  =  i,  q  =  —i  and  qp  =  oo.  Moreover,  since,  r,  c^,  s  and 
Sj  are  constants  and  never  infinite,  x  and  y  cannot  become 
infinite  except  where  fjf  becomes  infinite,  viz.  :  at  t  ==  oo. 
Hence  we  have 

Theorem.'  x  and  y  have  p)oles  in  the  RiEMAXN-sAwis 
only  at  t  ^  a> ;  and  they  have  branch-jioints  ai  r  =  /, 
T  =  —  /   and   T  =  00 . 

It  follows  from  the  above  that  .t  and  y  are  holomorpliic 
functions  of  t  in  the  sheets  of  the  RiEMAXX-snrface,  except 
at  the  points  t  =  i,  t  =  —i  and  r  =  cd.  Therefore,  they 
may  each  be  expanded  into  power-series  with  argument 
r— r„  in  the  vicinity  of  any  point  t  =  t^.  These  series 
will  be  convergent  inside  of  a  circle  with  center  t„  and 
radius  reaching  from  t„  to  the  nearest  of  the  points  t  =  ; 
or  T  =  —i. 

14.  Badius  of  Converyenry.  If  in  (3)  we  replace  t  and 
t    by  their  corresponding  values  in  t  by  relation  (8),  we 
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Lave  just  such  au  expansion  as  described  in  the  last  article. 
If  we  should  at  the  same  time  take  t^  —  0,  tlie  expansion 
in  .r  becomes  of  the  form 


+ 


+ 


+ 


+ 


where  a^,  a^,  &c.,  are  constants.  This  series  will  be  con- 
vergent inside  a  circle  whose  center  is  t,  =  0,  and  with 
radius  unity  reaching  up  to  the  branch-points  t  :=  i  and 
T  =  —  i.  Hence,  the  true  radius  of  eonvergency  in  this 
case  would  be  |  t  |  =  1  ;  or  from  (8) 


(17) 


// 


P' 


Suppose  in  (17)  we  give  to  ji  any  value,  say  1,  which 
would  correspond  to  a  perihelion  distance  of  0.5;  then  if 
we  make  k  =  -g\  ,  which  is  its  approximate  value,  the 
case  under  supposition  would  give,  as  the  limit  for  the  time- 
interval  for  which  the  expansion  of  x  into  power-series 
would  be  convergent,  the  value  20  days.  The  same  period 
would  hold  for  the  corresponding  expansion  of  ij. 

If  T„  were  any  finite  point  not  equal  to  zero,  say  some 
point  on  the  real  axis  of  the  T-plane,  then  the  radius  of  the 
true  circle  of  eonvergency  would  be  larger  than  that  given 
above.  In  this  case  the  radius  woiild  be  Ej  =  Vl+i-'-j 
which  holds  for  both  the  x  and  y  series.  The  radius  of 
eonvergency  of  the  corresponding  series  in  f  is  at  once 
deducible  from  the  series  in  t  througli  the  relations  (8). 
The  relation  is  always 

(IS)      }  ^'  =  1"^'^ 

where  the  subscripts  denote  the  argument  of  the  series. 

Since  in  an  absolutely  convergent  series  we  are  at  liberty 
to  change  the  order  of  the  terms  at  will,  we  may  express 
(3)  and  the  corresponding  equation  in  y  by  use  of  coef- 
ficients of  the  kind  given  in  (5),  as  follows  : 


(19) 


X  =   A:r,+  B^' 

"  at 


A%+h 


dt 


where  .(  and  />'  for  their  first  few  terms  are 
(20) 


24  U"      v,\dtr\^df^\ 


+• 


/;  =  /  - .', 


-I- 


In  these  series  we  have  taken  /„  =  0.  They  may  be 
written  as  series  in  t  —  t^  by  use  of  the  Weierstrassian 
theory  of  the  continuation  of  power-series. 

Since  a  power-series  serves  in  every  way  to  define  the 
behavior  of  the  function  from  which  it  is  derived  as  long 
as  we  remain  within  its  circle  of  convergence,  we  can  deal 
with  the  series  (1!>)  as  with  quantities  which  obey  all  the 
laws  of  ordinary  algebra  (association,  commutation.  &c."), 


such  as  ordinary  polynomials  or  rational  quantities,  and 
the  resulting  series  will  be  convergent.  (See  Chkystal's 
Ahjehra,  Vol.  II,  pp.  139-143). 

15.  Ratios  of  the  Triangles.  We  denote  the  triangles 
between  the  positions  of  two  radii  vectores  of  tlie  comet's 
orbit  by  the  expression  [»-,,  rj  where  i  and  j  denote  the 
ordei-s  of  any  two  of  the  three  observations ;  also,  in  gen- 
eral, we  denote  the  three  coordinates  of  the  first,  second, 
and  third  observations  by  the  .subscripts  1,  2,  3  respect- 
ively. Now  the  ratios  of  the  triangles  [;■,,  rj  are  equal 
to  the  ratios  of  tlieir  projections  on  any  plane,  which  may 
be  expressed  thus; 

['■.,  '•.] 

['l.»-3] 

dx„      dy. 

Let  now     .r„,   «.,,  z„,  -^r-   ,  —r- 

-'-'-'     -'    dt    '    dt 

zero-values  of  the  cooi'dinates   and  velocities 
pansions  (19)  and  (20).     Then  we  get 


-=-•     be   taken 
dt 


(21) 


as  the 
the   ex- 


dt 
dx^ 
'di 


A,,j,+  B, 


(22) 


where      -li,  /?,,   A, 
(23) 


.   D.     are  defined  bv 


A,  =  l-i 


.4,  =  1-A 


('-'=)' 


{t.-h) 


-  + 


■t-y 


B,  =  (is-f,)- J- 


-O' 


•+• 


Now,  the  series  (22)  are  all  convergent  within  the  same 

.    ,        -r    ..  ,,  ,  .  d^'     <li/,  ^  . 

circle.     It  follows  that,  since    x„  i/.,  -p  ,  -—    are  not  in 

general  equal  to  zero,  the  series  (23)  are  also  convergent  in 
this  same  circle  (see  Chkystal's  Algehra,  Vol.  II,  p.  178,  5). 
It  follows  also,  since  for  such  series  the  law  of  distribution 
holds  {Ibid^  pp.  142-143),  that  the  products  A^B^  and  J,if, 
are  also  convergent  series.  Hence,  from  the  law  .of  ad- 
dition, we  have  that  A^  B,  —  .4,  .B,  is  also  convergent.* 
(llnd,  p.  141). 

•  Prof.  Hakzek,  in  Kiel  Publications,  Vol.  XI,  Sect.  2.  has  sliown 

froui  a  direct  eonsiiieralioii  of  tlu>  series  by  processes  of  successive 
simplilioalions  ami  diminishing  of  the  realm  of  oonvorgenoy.  thai 
Ihc  tinie-inlorvals  may  l>o  talvcn  small  enough  .-.o  that  the  series  con- 
verge. The  same  result  can  be  inferred  from  .loun.vN's  Cottrt 
d' Analyse,  Vol.  Ill,  )>. Oi>.  These  results  are  of  little  practical  value 
because  the  radius  found  differs  so  widely  from  the  true  value.  By 
the  method  of  this  j>aper  we  have  the  iip;)er  limit  of  the  time-intervaU 
for  which  the  series  are  eontergent  ami  Ihat/or  any  case  that  may 
arise  whatever. 
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We  are  iiow  at  liberty  to  substitute  the  values  of  a:, ,  y, , 
J-,,  y, ,  as  given  by  (22)  in  the  ratios  on  the  right  of  (21). 
We  get  after  the  substitution  indicated,  and  by  cancelling 


the  factor 
ratio,* 


X,  ~4'  —  y«—r^,     from  the  two  members  of  the 

■  (It        •'■  dt  ' 


(24) 


- 

IK 

['•. 

'•3] 

- 

-B, 

['•. 

A,B, 

-A,B, 

(h 


or 
oL 


r*  dt 


+  • 


1  ^,  (h-hf-ih-t,?      ,  {t^-t^)l{t,-t^){t,-t,)-(t„-t,f-\  dr,^ 


where  A^,  B^,  A^,  JB,,  have  the  meaning  given  by  (23). 

Now,  i>'i  and  Zf,  are  series  with  arguments  t^  —  t,  and 
f^—ts  respectively.  They  hold  :  i.e.,  are  convergent,  as 
long  as  <)  — '2  ^""l  ^3  —  ^2  obej'  the  relations 


(25) 


l':-^l<J^(^c-/V)^+l 


U,-'=l< 


lij>'-^^ 


+1 


Also  the  series  A^B^—  B,A^,  which  has  two  arguments,  viz. : 
#,  — <2  ^""i  h—^i!  is  convergent  so  long  as  (25)  hold. 

16.  The  Zeroes  of  B^  and  A^B^—B^A^.  If  B^  should 
vanish,  or  if  A^B^—B^A^  should  vanish,  then  the  fractions 
on  the  right  of  (24)  evidently  would  no  longer  be  legiti- 
mate. As  to  this  question  we  state  two  theorems  which 
are  easily  proved ;  but  the  proofs  of  which  are  too  long  to 
present  here.     They  are  as  follows : 

Tlieoi-em  I.  The  expressions  •e^y^—i/yr^  and  J"i.'/o  — //[.r, 
can  vanish  only  for  real  values  of  i\—%\. 

Theorem' II.     In  all  cases  where  the  times  of  the  obser- 


vations  are  distinct,  and  where  the  differences  of  the  longi- 
tudes of  the  comet  in  its  orbit  are  not  equal  to  an  odd 
multiple  of  tt,  the  expression  (r^  ,  r^)  cannot  vanish,  and 

BE 

the  expressions    -^  ,    — - — ^.--j-    are  legitimate  fractions 

I'\      ■■i\Bs—B^A^ 
which  may  be  expressed  as  series,  each  of  which  is  con- 
vergent for  all 


\h-tA<'-K:  -sjl+r 


and 


\h-tA<jyJl+ri' 


The  first  terms  of  these  series  are  written  out  in  the 
right  members  of  (24). 

Comj)i(tafion  by  Use  of  the  Series.  The  fractions  on  the 
right  of  (24)  have  both  numerators  and  denominators  in 
the  form  of  series.     Their  radius  of  convergency  is 

,/;      3 

-S,  =  o-  Vl+'-i-     ;     where  t„  =  —  (<o— 77) 

If  we  make  fc  =  ^\j,  the  last  line  of  the  following  table  will 
give  the  corresponding  maximum  intervals  of  time  in  days 
for  different  values  of  p  for  which  the  series  are  convergent 
when  t,  is  taken  equal  to  77: 


Table 

I. 

p 

4.0 

3.0 

2.5        2.0 

1.5 

1.25 

1.0 

.8 

.6 

.4 

.25 

.2 

.1 

.08 

.05 

.02 

1 

2.0 

1.5 

1.25 

1.0 

.75 

.63 

.5 

.4 

.3 

2 

.125 

.1 

.05 

.04 

.025 

.01 

da 

160.0 

103.4 

79.8 

56.0 

36.2 

27.4 

20.0 

14.1 

9.0 

5.0 

2.5 

1.8 

.6 

.44 

.22 

.06 

It  is  evident  that  for  any  particular  value  of  p  the  time- 
intervals  should  be  well  within  the  limit  of  values  for 
which  the  series  are  convergent.  This  is  especially  true 
if  we  would  have  the  most  rapid  convergence  —  a  thing 
most  desirable  froin  the  standpoint  of  the  computer.  In 
fact,  as  is  well  known,  it  is  imperative  to  have  this  con- 
vergence so  rapid  that  at  most  but  one  or  two  terms  will 
give  sufficiently  approximate  values  of  the  ratios.  The 
reason  for  this  is  at  once  evident  when  we  consider  that 
the  series  are  transcendental  in  character.  Thus  the 
dr„ 


quantities 


dt 


and  r^  which  enter  into  the   terms  higher 


than  the  first  are  essentially  unknown  from  the  start,  and 
cannot  even  be  guessed  at  with  any  degree  of  certainty 
until  an  approximate  value  of  p  has   been  obtained.     It 

Belolt  College,  Beloit,   Wis. 


cannot  be  too  strongly  insisted  upon,  therefore,  that,  in 
order  to  get  the  closest  determination  of  the  ratios  of  the 
triangles,  the  greatest  care  must  be  taken  to  secure  a  set 
of  time-intervals  which,  by  their  coordination  with  the 
parameter  of  the  orbit  in  hand,  will  make  the  series  rapidly 
convergent.  It  is  true  that  this  is  more  or  less  a  question 
of  trial  to  start  with  ;  yet  when  a  value  of  7/  has  been  once 
computed  by  means  of  any  set  of  time-intervals,  it  will  be 
seen  at  once  whether  the  value  so  obtained  is  one  for  which 
the  series  are  sufficiently  convergent  for  the  time-intervals 
employed.  If  this  is  not  the  case,  then  new  time-intervals 
should  be  taken  and  the  computation  made  over  again. 


*Prof.  Harzer,    in    I.e.,  Sect.   1,  has    carried  the  expansion  to 
the  10th  degree  in  the  time-intervals. 
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OBSERVATIONS  OF  HELIOMETER  COMPAEISON-STARS, 

MADK    WITH   THE   6-INCH    TRANSIT   CIKCLE   OF   THE    U.  S.    NAVAL   OBSERVATOHY, 

By  Pkofessok  M.  UPDEGRAFF  and  Computer  J.  C.  HAMMOND. 
[Communicated  by  Captain  C.  M.  Chester,  U.S.N.,  Superintendent.] 


Tlie  following  are  the  results  of  observations  of  tlie  stars 
comprising  the  last  five  lists  of  heliometer  comparison-stars 
proposed  by  Sir  David  Gill,  H.M.  Astronomer,  Cape  of 
Good  Hope,  in  his  circular  of  April  2,  1901.  They  are  a 
continuation  of  the  lists  published  in  A.J.,  No.  528. 

The  same  notation  has  been  employed  as  in  the  publi- 
cation of  the  previous  lists.  The  instrument  was  reversed 
during  each   series   except   that   for    Uranus.      The  mean 

Fundamental  Stars 


epochs  of  the  observations  are  in  the  order  of  the  lists, 
1902.57, 1902.62, 1902.02, 1902.65  and  1902.80  respectively. 

On  the  nights  that  Mr.  Hammond  observed,  the  micro- 
scopes on  Circle  A  were  read,  and  all  the  recording  was 
done  by  Mr.  H.  R.  Morgan. 

The  lists  here  given  and  those  in  A.J.  No.  528  are  not 
corrected  for  magnitude  equation. 

1902.0. 


Star 

Mag. 

R.A. 

Decl. 

Star 

Mag. 

R.A. 

Decl. 

<T  Scorpit 

3.1 

16 

15 

13.810 

-25 

21  28.05 

IT  Capricorni 

5.2 

Il         ID         8 

20  21  42.760 

-18 

31  59.01 

fi  Ophiuchi 

4.7 

16 

19 

42.392 

-23 

13  14.79 

V  Capricorni 

5.4 

20  34 

28.324 

-18 

29     1.46 

T  Scarpa 

2.9 

16 

29 

46.810 

-28 

0  46.36 

6  Capjricorni 

4.2 

21     0 

26.360 

-17 

37  20.97 

IX  Saqifturi! 

4.0 

18 

7 

54.139 

-21 

5     4.77 

I  Capricorni 

4.3 

21  16 

47.479 

-17 

15     7.34 

S  Sai/ittarii 

2.8 

18 

14 

43.213 

-29 

52  11.76 

y  ( 'tij,r!c(ir?ii 

3.8 

21  34 

39.757 

-17 

6  18.18 

K  Saijittarii 

2.9 

18 

21 

55.370 

-25 

28  33.98 

K  C>i/,rlcor7ii 

4.8 

21  37 

11.221 

-19 

18  47.07 

30  SiKjittarii 

6.1 

18 

44 

57.006 

-22 

16  27.65 

8  C'-ipricorni 

3.0 

21   41 

37.976 

-16 

34  19.65 

IT  Sai/ittarii 

3.0 

19 

3 

56.174 

-21 

10  46.44 

X  Af/uarii 

3.9 

22  47 

30.144 

-  8 

6     4.16 

\j/  Saijittarii 

4.9 

19 

9 

31.920 

-25 

25  32.83 

f3  Pisciiim 

4.6 

22  58 

53.397 

4-  3 

17  32.54 

d  Saijittarii 

5.0 

19 

11 

54.089 

-19 

7  38.97 

tf>  Aqiiiirii 

4.4 

23     9 

14.839 

-   6 

34  38.61 

/tj  Sagittarii 

4.6 

19 

30 

44.654 

-25 

6     0.31 

\  Piaciiim 

4.6 

23  37 

2.753 

+   1 

14  26.40 

f  Saqittarii 

5.1 

19 

40 

38.760- 

-19 

59  48.60 

25  Fisciuvi 

6.3 

23  48 

3.590 

+   1 

32  44.72 

62  Sagittarii 

4.6 

19 

56 

38.001 

-27 

58  56.88 

27  Piscinm. 

5.0 

23  53 

39.361 

-  4 

5  58.66 

4  Capricorni 

6.0 

20 

12 

15.977 

22 

6  46.01 

30  Pisciuin 

4.7 

23  56 

56.055 

-   6 

33  31.31 

13  Capricorni 

3.2 

20 

15 

30.391 

-15 

5  27.66 

Stars  foe   Uranus,  1901,  1902,  1903  and  1904. 
Observers,  UPDEGRAFF  and  HAMMOND. 


Star 

Mag. 

R.A.  1902.0 

Decl.  1902.0 

Obs. 

Star 

Mag. 

R.A.  1902.0 

Decl.  1902.0 

Obs. 

a 

5.7 

16  36     7.95 

-19  44  13.6 

5 

.'/ 

6.5 

h       111       8 

17  29  24.73 

-21  58  41.4 

4 

b 

8.0 

16  37  12.49 

-21     9  23.3 

3 

8.0 

17  29  33.76 

-24  33  40.4 

4 

fi 

0.5 

16  39  14.92 

-23     0     6.4 

5 

a 

7.9 

17  31  49.57 

-23  19  43.2 

4 

d 

8.7 

16  43  14.15 

-20  16  59.6 

2 

n 

6.3 

17  32  51.45 

-21  51   17.4 

4 

e 

7.0 

16  43  44.24 

-21  40  49.8 

4 

y 

7.8 

17  34  51.15 

-23  47     l.O 

5 

f 

8.5 

16  44     4.58 

-23  K;  41.3 

2 

8 

5.0 

17  37  33.42 

-21  38     9.0 

4 

9 

7.3 

16  48  47.11 

-21   4."  10.3 

5 

77 

8.8 

17  38  53.04 

-24  38  27.2 

4 

h 

5.6 

1()  50  53.31 

-22  59  41.7 

5 

£ 

8.3 

17  39     S.51 

-22  50  46.5 

4 

k 

7.0 

16  54  39.20 

-21   18  46.2 

5 

P 

7.4 

17  43  57.85 

-24  10  30.7 

4 

I 

1  .0 

16  57  26.42 

-23     0  39.7 

5 

/* 

8.7 

17  44  45.31 

-21   54     6.4 

4 

»» 

6.6 

17     0  20.64 

-21  25  44.8 

5 

<!' 

7.0 

17  45  10.89 

-22  53  27.3 

4 

71 

8.7 

17     2  38.13 

-23     5  53.0 

4 

<T 

6.2 

17  48  52.08 

-24  52     3.8 

'4 

0 

7.7 

17     ()  28.34 

-22  48  21.2 

4 

X 

7.0 

17  50  27.35 

-21  56  22.8 

4 

P 

6.8 

17     6  47.60 

-21  29  14.9 

4 

8.0 

17  50  31.80 

-23  22  27.9 

4 

'/ 

7.0 

17  12     7.94 

-23  57  54.1 

4 

i 

4.6 

17  53  48.52 

-23  48  26.3 

4 

r 

8.8 

17  12  59.96 

-22  36  12.5 

4 

V 

8.1 

17  53  57.50 

-25     4  46.0 

3 

s 

4.5 

17  15     7.77 

-21     0  28.9 

5 

^ 

6.0 

17  55  58.15 

-22  46  40.7 

5 

t 

8.0 

17  17  17.27 

-22  54  54.6 

4 

T 

6.5 

17  59     9.89 

-24  24  14.1 

5 

■11 

6.5 

17  18  50.29 

-21  21     0.8 

;", 

V 

6.4 

IS     1   18.68 

-21  27  15.1 

4 

I' 

4.5 

17  20  23.07 

-24     5     8.2 

4 

e 

8.3 

18     1  48.32 

-23     6  58.8 

3 

w 

8.5 

17  22  46.69 

—  22  29  59.6 

o 

<t> 

5.3 

18     5  44.51 

-23  43  16.4 

5 

X 

4.9 

17  25  26.13 

-23  53  13.9 

5 

Pmb;il)li>  iM-ror  of  a  single  observation  in  u,  O-.Olti  :     in  8,  0"..<?0  for  Circle  .\,  O'.M  for  Circle  B. 
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Stars   kok  Saturn  and  Jupiter,  1901. 
Obsekveks,  UPDEGRAFF  and  HAMMOXD. 


Star 

Mag. 

R.A.  1902.0 

Decl.  1902.0 

Obs. 

Star 

Mag. 

1{.A.  1902.0 

Decl.  1902.0 

Obs. 

a 

5.9 

18  27  54.27 

-24     6  20.0 

7 

in 

8.0 

18  45  51.64 

-24  46  10.5 

5 

b 

8.0 

18  29  26.55 

-22  10     3.9 

6 

n 

5.0 

18  48  15.18 

-22  51  56.4 

7 

(■ 

G.3 

18  32     2.36 

-21  28  44.3 

6 

•I 

3.5 

18  51  53.03 

-21  14     8.6 

6 

d 

5.8 

18  32  3.3.12 

-23  35  19.5 

6 

r 

6.5 

18  55  43.30 

-22  50     1.0 

6 

e 

6.2 

18  35  53.01 

-23  55  29.7 

7 

s 

3.9 

IS  58  48.66 

-21  53     7.0 

C 

f 

7.3 

18  37  25.72 

-22  30  23.0 

6 

t 

7.1 

19     2  49.22 

-23  20  40.0 

6 

g 

5.7 

IS  38  48.14 

-25     6  34.1 

6 

u 

8.0 

19     3  37.85 

-22  32     1.9 

5 

h 

5.6 

18  40  26.05 

-22  29  42.0 

6 

V 

3.1 

19     3  56.17 

-21  10  46.5 

6 

k 
I 

8.4 
6.1 

18  41  58.91 
IS  44  57.05 

-23  21  49.2 
-22  16  28.0 

6 
6 

w 

7.3 

19     8  16.76 

-22  13  38.0 

6 

Note  :    p  too  faint  to  observe. 

Proliablo  ciror  of  .a  single  observation  in  a,  O'.Ol.O  :     in  8,  0".23  for  Circle  A,  0".'.'7  for  Circle  U. 


Stars  for  Saturn,  1902. 
Observer,  UPDEGKAFF. 


Star 

Mag. 

E.A.  1902.0 

Decl.  1902.0 

Obs. 

Star 

Mag. 

R.  A.  1902.0 

Decl.  1902.0 

Obs. 

a 
b 
c 

5.1 
7.2 
8.2 

19"40"'38J7 
19  40  42.13 
19  44  25.61 

-19  59  48.4 
-21  45  39.9 
-23     1  35.7 

4 

6 

7 

d 
e 
f 

8.2 
6.7 
7.0 

19  46     8.67 
19  53  45.76 
19  54  48.28 

-19°  56  43^9 
-22  28  37.2 
-20     7  29.8 

7 
7 
6 

Probable  error  of  a  single  observation  in  a,  0».024  ;    in  8,  O'.SS  for  Circle  A,  0".35  for  Circle  B. 

Stars  for  Jtiplter,  1902,  and  Saturn,  1903. 
Observers,  UPDEGRAFF  and  HAMMOND. 


Star 

Mag. 

R.A.  1902.0 

Decl.  1902.0 

Obs. 

Star 

Mag. 

R.A.  1902.0 

Decl.  1902.0 

Obs. 

a 

5.6 

20  24  16.88 

-18  54  27.6 

6 

/( 

7.0 

20  46  39.90 

-20     0  39.5 

6 

g 

8.3 

20  27  44.93 

-21  13  49.3 

7 

}ii 

6.9 

20  47  57.17 

-19  29     0.9 

7 

y 

7.8 

20  28  49.62 

-19  43  57.0 

6 

I 

6.0 

20  49  15.67 

-18  17  40.3 

6 

X 

8.5 

20  29  49.78 

-18     7  26.5 

7 

a 

6.2 

20  54     2.10 

-19  24  55.0 

( 

w 

7.2 

20  30  46.26 

-20  55  26.7 

6 

h 

6.5 

20  55  20.88 

-17  54  47.2 

6 

V 

8.7 

20  33  55.27 

-20     0  58.2 

7 

r 

8.0 

20  58  29.93 

-18  29  56.9 

7 

•11 

5.3 

20  34  28.30 

-18  29     1.4 

6 

d 

4.3 

21     0  26.36 

-17  37  20.4 

6 

t 

8.8 

20  36  25.33 

-21  37  26.3 

7 

f 

6.9 

21     1  56.72 

-19  28  49.0 

7 

s 

7.3 

20  38  18.65 

-19  41   44.1 

6 

f 

7.7 

21     4  41.60 

-16     5  59.2 

4 

r 

S.O 

20  41     2.64 

-17  31     8.0 

6 

'J 

8.3 

21     4  53.67 

-17  21  21.5 

4 

q 

8.0 

20  41  48.18 

-18  58  45.2 

7 

h 

8.0 

21     5     1.20 

-18  43  44.9 

4 

0 

8.0 

20  43  35.29 

-20  59  16.2 

6 

k 

6.4 

21     9  37.70 

-17  45     2.3 

6 

V 

6.7 

20  43  47.08 

-18  23  51.2 

7 

Probable  error  of  a  single  observation  in  a,  0^020  ;     in  8,  O'.SO  for  Circle  A,  0".32  for  Circle  B. 


Stars  for  Jupiter,  1903. 
Observer,  HAMMOND. 


Star 

Mag. 

R.A.  1902.0 

Decl.  1902.0 

Obs. 

Star 

Mag. 

R.A.  1902.0 

Decl.  1902.0 

Obs. 

a 
b 
c 
d 
e 
f 

4.2 
5.7 
6.5 
6.5 

8.0 
8.9 

23     9  14.86 
23  14  19.16 
23  15  11.04 
23  15  37.79 
23  16  10.58 
23  19  44.81 

-6°  34  38.8 
-5  39  35.5 
-4  27     9.4 
-6  26  34.9 
-7  33  36.1 
-5  35     3.8 

12 

(') 
4 
4 
4 

7 

[1 
h 
i 
k 

I 

7.0 
8.2 
6.3 
6.8 
7.2 

23  21  30.36 
23  21  35.73 
23  24  28.13 
23  25  57.96 
23  28  25.83 

-7     8  45.6 
-5  46  18.0 
-5     4     0.2 
-6  49  40.4 
-4  56  32.1 

5 
6 
6 
G 
6 

Probable  error  of  a  single  observation  in  a,  0'.014  ;    in  S,  0".25  for  Circle  A,  0".1S  for  Circle  B. 
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OBSERVATIONS  OF  COMET  b  1902  (perrine)* 

MADK    WITH   THE  26-INCH    REFRACTOR   OF  THE    LEAXDER    M'^COUMICK    OBSERVATORT, 

By  J.  P.  McCALLIE. 


1902  Charl. 

M.T. 

* 

Comp. 

Ja. 

j8 

App.a 

App.  8 

logpA 

Red.  to  App.  FI. 

Sept.  10 

t) 
12 

7"    1" 

1 

5,10 

\ 

8.71 

+4' 30!! 

h 

3 

3° 

53.42 

+39°  18' 55*1 

reO.867 

0.221 

+4'.43 

+  2.1 

27 

14 

39  24 

2 

8,6 

—  1 

34.68 

+  2  36.8 

0 

46 

57.21 

+  55  15  52.0 

0.836 

7J0.215 

+  6.01 

+  18.5 

28 

16 

13     0 

3 

10,8 

+  1 

19.01 

+4  43.9 

0 

22 

42.45 

+  56  11     0.5 

1.052 

9.736 

+  5.92 

+  21.8 

29 

15 

41  59 

4 

10,8 

_1 

33.84 

-3  38.0 

23 

57 

21.79 

+56  46  42.9 

1.058 

9.643 

+  5.80 

+  24.3 

Oct.     1 

14 

39  10 

0 

10,8 

+  1 

22.01 

+  4  18.4 

23 

0 

14.05 

+  56  52  11.8 

0.987 

n9.904 

+  5.11 

+30.2 

7 

13 

2  31 

6 

8,8 

_1 

18.53 

-3  59.1 

20 

6 

0.70 

+  44  16  13.7 

0.986 

0.587 

+  2.55 

+  34.6 

8 

12 

52  36 

7 

10,8 

+  1 

43.29 

+  2  38.4 

19 

45 

45.69 

+  40  48  14.5 

0.961 

0.640 

+  2.33 

+33.2 

14 

10 

10  18 

8 

dU ,  12 

-0 

0.38 

+4  22.8 

18 

29 

54.36 

+  21   12     0.2 

0.862 

0.6.53 

+  2.02 

+  23.9 

17 

8 

50  30 

9 

8,8 

+  1 

10.29 

-1  13.0 

18 

8 

54.27 

+  13  45     8.2 

0.815 

0.660 

+  1.99 

+  20.0 

21 

7 

54  15 

10 

10,8 

+  0 

37.83 

+  6     O.S 

\~ 

49 

7.82 

+   6  13  32.1 

0.785 

0.698 

+  2.03 

+  16.1 

22 

7 

55  48 

11 

d  8,8 

-0 

28.84 

-1  40.1 

17 

45 

3.1 

+  4  39.9 

0.793 

0.709 

+2.04 

+  15.4 

24 

7 

31     3 

12 

8,8 

-0 

54.20 

-6  50.7 

17 

38 

1.89 

+   1  56  31.8 

0.782 

0.722 

+  2.05 

+  14.0 

28 

7 

6  33 

13 

£^14, 12 

-0 

16.88 

-2  15.6 

17 

26 

5.95 

-   2  29  45.1 

0.786 

0.743 

+  2.04 

+  11.4 

29 

6 

30  39 

14 

6,5 

0 

55.86 

+  3  35.5 

17 

23 

30.1 

-  3  24.8 

0.751 

0.750 

+  2.05 

+  11.1 

31 

6 

11     3 

15 

4,4 

-3 

1.40 

-8     6.0 

1 7 

18 

26.64 

—   5     7  54.0 

0.742 

0.759 

+  2.04 

+  10.4 

Nov.    1 

6 

9  42 

16 

8,8 

+  1 

13.08 

-7     2.3 

15 

59.89 

—   5  55  27.5 

0.750 

0.762 

+2.02 

+  9.6 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

S 

Authority 

1 

3     4  57.70     +39  14  22.9 

Lund,  A.G.  1634 

9 

18     7  41.99 

+  13  46     1.2 

Leipzig  I,  A.G.  6476 

2 

0  48  25.88 

+55  12  56.7 

Camb.,  (U.S.)  A.G.  400 

10 

17  48  27.98 

+  67  15.6 

Leipzig  II.  A.G.  8141 

3 

0  21   17.52 

+  56     5  54.8 

Hels.-Gotha,  A.G.  322 

11 

17  45  29.9 

+  4  41.3 

DM.  +4°3523 

4 

23  58  49.83 

+  56  49  56.6 

Hels.-Gotha,  A.G.14033 

12 

17  38  54.02 

+   23     7.7 

Albany,  A.G.  5S93 

5 

22  58  46.93     +56  47  23.2 

Hels.-Gotha.  A.G.13683 

13 

17  26  20.78 

-  2  27  41.2 

Paris  III,  22273 

6 

20     7  16.68  i  +44  19  38.0    Bonn,  A.G.  13855 

14 

17  26  23.9 

-  3  28.(5 

DM.  -3''4120 

7 

19  44     0.07     +40  45     3.0    Bonn,  A.G.  13394 

15 

17  21  25.97 

-  4  59  59.0 

Paris  III,  22116 

8 

18  29  52.74  '  +21     7  13.8    Berlin  B,  A.G.  6540 

16 

17  14  44.76 

-   5  48  35.4 

Paris  III.  21919 

NOTES.  Tliose  ccJinparisons  raarlted  d  were  taken  directly  by  micrometrical  measurements.  —  Corrections  for  refraction  have  been  made 
Oct.  7.  Seeing  2.  Images  fuzzy.  — Oct.  17.  Seeing].  Comet  very  faint.  Hazy  and  full  moon.  — Oct.  21.  Tail  extends  across  5-inch 
finder.  —  Oct.  28.     Seeing  3.     Slightly  tremulous. 


*Ii\-oin  Supplement  to  JVos.  531-533. 


OBSERVATIONS   OF   COMET  b  1902  {^peuuise)* 

MADE     WITH     THE    26-IN'Cn    EQUATORIAL    AT    THE     U.  .«.     X.A.VAI.    OBSERV.VTOKY. 

[Communicated  by  Captain  Colby  M.  Chester,  U.S.N.,  Superintendent.] 
These  observations  give  a  correction  of  +5'  in  «  and  — 1'.2  in  8  to  the  ephemeris  of  Elis  Stromgrkn  in  A.N.  3821. 


1903  Washington  M.T. 

* 

Comp. 

Ja 

^8 

App.a 

App.S 

logpA 

Red.  to  App.  PI. 

Feb.  5     11     0    8 
"     5     11  16  47 

1 
1 

23  ,5 
20,4 

+  l"'37!l8 
+  1  32.90 

-5  24.2 
-4  32.7 

8  3  49.73 
8  3  45.45 

-33  23  32.7 
-33  22  41.2 

n7.890 
8.477 

0.922 
0.922 

+  2!26  -17J 
+  2.26  -17.7 

Mean  Place  of  Comparison- Star  for  the  beginning  of  the  gear. 


* 

a 

8 

Authority 

1 

8  2  10.29 

-33  17  50.8 

C.G.C.  10728 

Ja  determined  by  transits.     First  observation  by  Kreoerrk,  second  by  DiswiPDli 


*From  Supplement  to  Xos.  531-532 
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THE   MISSING  DURCHMU8TERUNG  STAR  +4'4°3o85, 

By  Z.VCCHEUS  DANIEL. 


On  1900  September  14,  while  examining  the  region 
near  a  Ci/{/7ii  with  the  10-inch  telescope  I  fonnd  the  star 
DM.  +44°3585,  9".4,  missing  from  the  place  given  on  the 
chart.  The  region  was  carefully  examined  on  1900  Oct. 
18,  Nov.  14,  Dec.  19;  1901  July  20;  1902  Aug.  8,  Sept. 
10 ;  and  1903  Feb.  5,  but  no  star  brighter  than  the  eleventh 
or  twelfth  magnitude  was  ever  seen  within  10'  of  the 
place.  In  addition  to  the  dates  given  above,  I  have  looked 
for  the  star  with  the  same  result,  probably  at  least  fiftj' 
times  without  recording  the  observation. 

linrktU'U   I'niversihj,  Leiiusbvry,  Penn.,  1&03  February  7. 


The  Bonner  Sternverzeirhnhs  contains  the  following  po- 
sition of  the  missing  star  : 

«  =  20"  42"'  55'.3  ;  S  =  +44°  29'.3  (1855). 
This  is  1"'  52'  following  and  9'  north  of  7456  ItR  Cygni. 
There  are  two  stars  of  about  the  twelfth  magnitude  near 
this  position  and  one  of  them  may  be  the  star  in  question, 
but  that  can  be  determined  only  by  exact  measurements, 
which  I  have  not  the  facilities  for  making  at  present. 
However,  no  variation  in  the  brightness  of  either  star  has 
been  noticed. 


OBSERVATIONS   OF   MINOR   PLANETS, 

MADE    WITH   THE    12-INCH   EQUATORIAL    AT   THE    U.S.   NAVAL    OBSERVATOIiY, 

By  J.  C.  HAMMOND. 
[Conimunicated  by  Captain  C.  M.  Chestkk,  U.S.N.,  Superintendent.] 


1901  Washington  M.T. 

* 

Conip. 

zla 

JS 

App.  a. 

App.  8 

log  ;)A 

Red.  to  App.  PI. 

Eurynome. 

li        m      8 

111          8 

1           H 

o         /          /; 

8                             ^ 

Aug.  20  10  44  52 

1 

10,    5 

+  0  16.46 

+   6  33.5 

22     9  14.30 

-3  59  17.8 

?i9.240 

0.773 

+  4.10  +25.9 

22  11  46  50 

o 

11  ,    6/ 

+  4  19.23 

-10  56.7 

22     7  26.71 

-4  11  26.1 

n8.541 

0.777 

+  4.12  +26.0 

Sept.   3  10  45     5 

3 

12  ,12 

-0  43.27 

+   6  55.6 

21  57     2.60 

-5  30     3.5 

w8.636 

0.787 

+  4.17  +26.5 

4  10  28  39 

4 

12  ,12 

+0     6.12 

-   1  41.5 

21  56  13.53 

-5  36  53.9 

718.824 

0.788 

+  4.17  +26.6 

7     9  20     7 

5 

12  ,  12 

-0  19.37 

-   0  45.4 

21  53  51.72 

-5  57  20.0 

7i9.235 

0.787 

+  4.17  +26.7 

9  10  21  r,8 

6 

28  ,    It 

+  1   20.26 

+   6     7.5 

21  52  18.33 

-6  11  22.9 

M8.527 

0.793 

+  4.17  +26.6 

Parthenope. 

Oct.    16     9  43  25 

7 

34  ,    It 

-1  30.11 

-  3  31.3  1    2  41  21.77 

+  7  27  27.8 

«9.545  1  0.688  |  +4.51  +18.1 

Mean  Places 

of  Comparison- Star  S.J 

'or  the  beginning  of  the 

year. 

* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 
2 
3 
4 

h        m       s 

22     8  53.74 
22     3     3.36 
21  57  41.70 
21  56     3.24 

-4     6  17.2 
-4     0  55.4 
-5  37  25.6 
-5  35  39.0 

U.S.N.  Obs'y  Tran.Cir.Pos. 
U.S.N.  Obs'y  Tran.Cir.Pos. 
KMu.I30092+Mu.II  1220-3) 
U.S.N.  Obs'y  Tran.Cir.Pos. 

5 

6 

7 

21  54     6.92 

21  50  53.90 
2  42  47.37 

o       1         n 

—  5  57      1.3     J(Mun.I29974+Rumk.  9700 

+W.B.  XXI,  1209) 

—  6   17   57.0     4(Mun.I  29848 +Sfhj.  8922) 
+  7  30  41.0     Leipzig  11,  A.G.  1033 

U.S.Xaval  Observatory,  1903  February  17. 
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METHOD   OF    FORMING   THE    RIGHT-ASCEXSIOXS   OF    THE   CATALOGUE   OF 
627  PRIXCIPAL   STANDARD   STARS  {A.J.  532-533), 

By  lewis   boss. 


In  developing  a  new  sj'stem  of  right-ascensions  of  the 
principal  stars  we  must  examine  the  testimony  of  observa- 
tion from  three  practically  distinct  points  of  view.  First, 
we  must  ascertain  the  relation  of  the  stars  to  the  moving 
equinox  ;  secondly,  we  must  find  the  errors  of  observation 
depending  for  their  argument  on  the  right-ascension  of  the 
star  observed  which,  combined  with  the  correction  for 
equinox,  we  designate  as  Ja,;  and  thirdly,  we  must  evalu- 
ate the  errors  of  observation  having  declination  as  the 
argument,  Ja^ ,  which  are  due  to  the  failure  of  the  several 
transits  to  describe  an  accurate  hour-circle  on  the  sky. 

In  a  subsequent  chapter  will  be  exhibited  the  observed 
values  of  /Ju„,  the  personal  equation  dependent  on  magni- 
tude of  the  star  observed,  for  each  catalogue  of  observation. 
From  the  deductions  drawn  therefrom  it  will  appear  that, 
in  a  further  approximation  toward  a  better  system,  upon 
the  basis  of  the  catalogue  under  consideration,  it  will  be 
feasible  and  necessary  to  take  into  account  this  fourth 
factor  in  the  problem;  but  in  establishing  the  present  sys- 
tem this  element  was  not  considered. 

The  rigorous  treatment  of  our  problem  implies  the  solu- 
tion of  equations  containing  a  multitude  of  unknown 
quantities  ;  but  practically  it  cannot  be  handled  in  this 
form.  The  solution  must  be  reached  through  a  series  of 
approximations  taking  into  consideration  the  principal 
elements  separately  and  in  succession.  In  the  present 
attempt  the  neglect  of  terms  in  .-/«„  has  doubtless  influenced 
the  results  for  .i«,  and  Ju,  in  a  sensible  degree,  yet  this 
effect  must  always  have  been  minute.  AVith  the  present 
catalogue  as  a  basis  the  convergence  toward  the  true  result 
ought  to  be  both  rapid  and  satisfactory. 

Correctious  Having  the  Form,  Ju.. 

It  will  be  more  convenient  to  consider  first  the  motion 
of  the  equinox,  together  with  periodic  terms  having  the 
argument  right-ascension.  The  combination  of  these  terms 
we  shall  call  Ju^ . 

For  this  purpose  I  have  taken  as  my  starting  point  the 
right-ascensions  of  97  stars  contained  in  the  list  of  ''Time 


Stars"  for  which  Newcomb  gives  five-year  ephemerides  in 
his  work  on  Standard  Clorf:  and  Zodiacal  Stars  (pp.300-.S14). 
In  general  the  choice  was  confined  to  stars  situated  between 
+30°  and  —20°  of  declination;  but  a  Scorpii,  a  Lyrae, 
and  a  Pise.  Aitstr.,  were  included.  Of  the  stars  between 
the  chosen  limits  of  declination,  «  Can.  MaJ.  and  a  Can. 
mill,  were  omitted  on  account  of  periodicity  in  proper  mo- 
tion ;  11  Orionis,  v  Orlonis,  b  Ophiiichi,  1  AquUae,  t  Aquilae, 
1  Pegasi,  v  Aquarii,  and  6  Piscinm  were  omitted  as  in- 
sufficiently observed  for  the  purpose  required.  The  choice 
of  this  preliminary  system,  >'; ,  presents  manifest  ad- 
vantages for  testing  questions  relating  to  Ja, ,  since  both 
points  involved  have  been  investigated  by  Professor  New- 
comb,  and  with  a  degree  of  success  which  leaves  little 
opportunity  for  improvement,  even  with  the  aid  of  the 
additional  accumulation  of  observations  which  has  ap- 
peared since  these  investigations  were  made. 

Position  and  Motion  of  the  Equinox. 

Let  us  first  examine  the  question  as  to  what  correction 
may  be  required  for  the  preliminary  right-ascensions,  N,, 
on  account  of  error  in  the  adopted  equinox.  This  equinox 
was  established  in  Newcomb's  work  on  the  Equatorial 
Fundamental  Stars,  and  includes  the  testimony  of  obser- 
vations down  to  about  1870. 

Subsequently,  in  the  course  of  his  planetary  investi- 
gations, Professor  Newcomb  had  occasion  to  investigate 
anew  the  position  and  motion  of  the  equinox.  From 
observations  of  the  sun  he  found  as  the  correction  to  the 
right-ascensions  of  X,  {.Astronomical  Constants,  pp.' 88  and 
96), 

-|-0".07   -0'.34T 

wherein  2'  is  the  interval  in  centuries  from  18.50.  He  also 
derives  similar  corrections  through  the  observations  of 
ilercurij,  Venus,  and  Mars,  and  combining  these  with  the 
result  from  solar  observations,  in  a  manner  not  readily 
presented  in  brief,  obtains  as  the  correction  for  X, . 

-0'.48  +0'.30  T 

(59) 
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Later,  (A.J.,  XV,  p.  188)  Professor  Nkwcomb  gives  as  re- 
vised values  of  the  secular  terms,  — 0".37  7  and  +0".40  T 
as  tlie  results,  respectivel}',  for  observations  of  the  sun 
alone  and  of  these  in  combination  with  those  of  the 
planets. 

The  question  whether  the  result  from  observations  of 
the  planets  should  liave  any  weight  is  one  which  cannot  be 
decided  off-hand ;  but  it  may  fairly  be  doubted  whether 
the  relative  weight  for  the  planetary  observations  should 
be  so  great  as  that  which  Professor  Newcomb  has  assigned. 
For  the  further  purposes  of  this  investigation  I  prefer  to 
employ  a  result  from  solar  observations  alone. 

In  looking  over  Professor  Newcomb's  tables  from  which 
his  a+dl"  and  dl"  are  computed  (pp.  22  and  30,  Astro- 
nomical Constants)  it  will  be  seen  that  considerable  weight 
has  been  attributed  to  the  older  observations  to  which  I 
have  attached  no  weight  in  forming  the  present  system  of 
right-ascensions.  In  discussions  of  this  kind  for  the  de- 
termination of  fundamental  quantities  it  seems  to  me  that 
there  are  few  meridian  observations  of  a  date  earlier  than 
1820  which  deserve  any  consideration  whatever.  In  the 
discussion  of  secular  terms  the  apparent  advantage  of  em- 
ploying these  older  observations  is  very  tempting ;  but  it 
can  be  shown  that  these  supposed  advantages  are  really 
ilhisory,  since  the  unknown  systematic  errors  of  these  older 
observations  are  liable  to  be  so  great  in  comparison  with 
those  of  the  more  precise  modern  observations  as  to  over- 
balance the  advantage  due  to  the  greater  interval.  A 
strong  illustration  of  this  fact  will  be  found  in  the  com- 
parison of  the  declinations  of  Auwers's  reduction  of  Bkad- 
ley's  observations  with  those  of  the  present  Standard 
Catalogue. 

In  the  present  instance,  however,  Professor  Newcomb's 
employment  of  the  older  observations  has  not  materially 
influenced  the  result.  I  have  taken  from  his  tables  the 
observed  values  of  e  (  =  «  +  rfZ")  and  c?^  which  result  from 
observations  of  mean  date,  1820  and  later,  except  that  in 
the  case  of  the  Paris  results  I  have  not  employed  the  obser- 
vations made  previous  to  the  mean  for  1837.  Adopting 
Newcomb's  weights,  I  have  solved  the  equations  for  c  and 
lU"  with  the  following  result  for  the  correction  of  the  right- 
ascension  of  N, : 

+  0".04   -0".2Sr 

in  which  T  is  the  interval  in  centuries  from  1850.  This  is 
almost  precisely  the  same  as  that  already  cited  which 
Newcomb  obtains  from  all  the  observations  of  the  sun. 

The  latest  observations  included  in  Professor  Newcomb's 
results  are  those  of  Greenwich  for  1892.  In  A.J.,  XXI, 
141-2,  Professor  Newcomb  discusses  the  Washington  ob- 
servations of  the  sun,  1894-1899,  and  finds  for  the  correc- 
tion of  the  right-ascension  of  Nj : 

+  0^009 


He  also  shows  that  a  combination  of  the  equinox  determi- 
tions  at  Greenwich,  1893-1899,  results  in  a  similar  cor- 
rection to  N,  of 

+  0'.005 

From  Newcomb's  discussion  of  the  solar  observations  to 
1892  already  cited  (see  Astronomical  Constants)  the  correc- 
tion of  N,  for  1896  would  be 

-0".(»15 
As  previously  shown  this  is  confirmed  by  the  discussion 
which  excludes  observations  earlier  than  1820.     But.  since 
the  Washington  observations  would    give  a  correction  of 

—  0'.0j)3,  in  the  mean  to  Professor  Newcomb's  ephemeris 
right-ascensions  of  the  sun,  he  finally  expresses  the  opinion 
that,  at  the  date  in  question,  the  system,  N,,  appears  to 
require  a  correction  of  -l-0'.02  or  -l-0'.03. 

Without  prolonging  the  examination  further  I  think  it 
may  safely  be  stated  that,  so  far  as  the  existing  determi- 
nations of  the  position  and  motion  of  the  equinox  from 
observations  of  the  sun  throw  light  on  the  question,  it  is 
uncertain  whether  the  position  of  the  equinox  upon  which 
N,  is  founded  requires  a  positive  or  a  negative  correction 
at  any  epoch.  Because  I  am  actually  in  doubt  upon  this 
point  I  have  not  ventured  upon  any  correction  whatever. 
I  have  adopted  the  equinox  of  Nj,  preferring  to  await  a 
new  influx  of  determinations  before  attempting  to  correct 
it.  It  is  earnestly  to  be  hoped  that  these  will  soon  be 
offered  not  from  Greenwich  only,  but  also  from  many  other 
observatories  situated  in  latitudes  more  favorable  for  the 
purpose. 

Esaniiiiation  of  X,  as  to  the  Periodic  Part  of  Ja.. 

The  system,  Nj ,  may  be  regarded  as  having  been  estab- 
lished after  an  exhaustive  and  trustworthy  discussion  of 
systematic  errors  depending  on  the  right-ascension.  This 
may  be  regarded  as  the  special  feature  of  Newcomb's  work 
on  the  equatorial  fundamental  stars.  He  called  the  atten- 
tion of  observers  to  the  special  means  whereby  such  errors 
could  be  eliminated  from  their  observations ;  and  his  pre- 
cepts have  been  followed  with  effect  at  the  Greenwich 
Observatory  and  elsewhere.  At  the  same  time  very  little 
has  been  contributed  during  the  last  thirty  years  which  can 
be  utilized  as  an  independent  test  of  Nj  as  to  periodic  errors 
in  Jn^.  I  think  the  following  short  table  comprises  all  of 
these  contributions.  The  numbers  are  in  the  sense  of  cor- 
rections to  Nj,  and  result  from  final  comparison  with  my 
catalogue  of  627  standard  stars,  which  virtually  represents 
it.     The  comparison  includes  all  stars  between  4- 30°  and 

—  22°  of  declination. 


Observatory 

Pulkowa,  1865 
Greenwich,  1882 
Pulkowa,  1884 
Greenwich,  1894 


Corrections  to  Nj 

-o!o022  sinf4  +0.0033  cos« 

+  0.0038  -0.0026 

-0.0028  +0.0056 

-0.0001  -0.0001 
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As  will  be  seen  the  corrections  are  practically  insignifi- 
cant. If  we  combine  the  three  later  determinations,  giving 
Greenwich  1882  half  weight,  because  during  that  period 
the  process  of  eliminating  an  initial  periodic  error  in  the 
right-ascensions  was  in  progress,  we  have  as  the  correction 
to  N,  : 

ISSS,  — 0'.0004sinK   +0'.0(lir  co.s« 

A  very  slight  alteration  in  the  method  of  comparison, 
either  as  to  the  limits  of  declination  employed,  or  as  to  the 
representative  of  Nj ,  might  alter  these  numbers  either  way 
by  more  than  their  entire  amount. 

It  might  also  be  remarked  that  in  Volume  II  (p.  (viij)  of 
the  Strassburg  Annals  there  is  a  quasi  determination  of  the 
periodic  correction,  Ja^ ,  required  for  the  Fimdamental- 
Katfilog  of  Dr.  Auwers.     From  this  I  find, 

+  0'.013osin«   +0'.0076cos« 

as  the  corresponding  correction  of  N, .  But  under  the  cir- 
cumstances set  forth  in  the  discussion  cited  this  cannot  be 
regarded  as  entitled  to  very  great  weight. 

For  the  foregoing  reasons  I  have  considered  the  Cata- 
logue of  627  Standard  Stars  to  require  no  present  revision 
as  to  errors  of  the  form  Ja^ . 

It  seems  rather  surprising  that   so  little  attention  by 


recent  observers  has  been  given  to  the  elimination  of  this 
form  of  error  in  their  observations.  Whenever,  for  any 
reason,  observations  of  the  stars  are  made  in  the  daytime, 
it  is  comparatively  easy  to  arrange  the  night  observations 
in  such  a  way  as  to  render  this  elimination  possible. 
There  has  been  no  period  in  the  history  of  astronomy  when 
such  strenuous  attention  has  been  given,  as  now,  to  the 
perfection  of  clocks  and  of  their  installation.  Elaborate 
meridian  marks  have  been  established.  Thus  the  means 
exist  for  the  most  rigorous  determination  of  the  periodic 
part  of  the  error,  ^«, ,  in  the  adopted  right^ascensions  of 
the  observing  lists:  and  yet  they  are  seldom  employed  for 
this  purpose.  In  order  to  appreciate  the  situation,  one  has 
only  to  cite  the  observations  of  Bessel,  Strcve,  and  other 
observers  near  their  time,  who  used  ordinary  clocks  exposed 
to  the  extreme  variations  of  temperature  in  the  observing 
rooms,  and  who  were  yet  able  to  produce  systems  of  funda- 
mental right-ascension  almost  wholly  free  from  error  of 
this  form. 

Table  I  exhibits  the  final  results  for  determination  of 
Ja,,  derived  from  a  comparison  of  each  catalogue  of  obser- 
vation with  the  right-ascensions  of  the  Catalogue  of  627 
Standard  Stars  between  the  limits  of  +30°  and  —22°  of 
declination,  — ■  the  constant  part,  at  the  same  time,  being 
determined  from  the  limits,  +37°.5  to  —22°. 


TABLE  I. 

List  of  Final  Detekmi 

NATIONS    OF    .Jrt,    FOK    THE    P 

KiNcii'AL  Catalogues. 

Greenw.  (A-H), 

1755 

-0.079 

-0.010  sin  f 

+  o!o04  cos  a 

Brussels, 

1865 

+  0.050 

-0.037  sin  « 

s 

+  0.018  cos  a 

Konigsb.(North) 

1820 

-0.034 

0.000 

0.000 

Harvard, 

1865 

-0.028 

-0.017 

-0.004 

K6nigsb.(Zod.), 

1823 

+  0.025 

+  0.014 

-0.009 

Pulkowa, 

1865 

-0.005 

+  0.002 

-0.003 

Dorpat, 

1824 

-0.020 

+  0.011 

+  0.004 

Melbourne, 

1867 

+  0.035 

-0.033 

+  0.015 

Cape, 

18:50 

+  0.013 

+  0.0.32 

+  0.011 

Washington, 

1871 

-0.001 

-0.003 

-0.002 

Abo, 

1820 

+  0.015 

+  0.003 

—  0.001 

Creenwich, 

1872 

+  0.029 

-0.007 

+  0.010 

Greenwich, 

1830 

-0.062 

-0.000 

+  0.OO1 

Madras, 

1875 

+  0.047 

+  0.004 

—  0.005 

St.  Helena, 

1832 

-0.046 

0.000 

—  0.0  111 

Harvard, 

1875 

-0.006 

+  0.001 

-0.007 

Cape, 

1833 

+  0.021 

-0.003 

-0.01  I 

I'ulkowa, 

1876 

+  0.002 

+  0.005 

-0.005 

Cambridge, 

1831 

-0.024 

-0.004 

+  0.005 

Paris, 

1876 

+  0.040 

-0.024 

+  0.018 

Madras  (D), 

18.35 

-0.052 

+  0.017 

-0.010 

Cape. 

1876 

+  0.037 

-0.006 

+  0.009 

Cape, 

1837 

-0.004 

-O.OU 

+  0.002 

Cordoba, 

1877 

0.000 

-0.032 

+  0.022 

Greenwich, 

18.38 

+  0.082 

—0.028 

+0.012 

Melbourne, 

1877 

+  0.034 

-0.010 

+  0.021 

Greenwich, 

1844 

+  0.023 

-0.018 

+0.017 

Greenwich, 

1882 

+  ('.035 

-0.004 

+0.003 

Eadcliffe, 

1845 

-0.023 

-0.024 

+  0.046 

Cape, 

1883 

+0.019 

-0.011 

+  0.0O4 

Paris, 

1845 

+  0.025 

-O.OOS 

+  0.002 

Pulkowa, 

1884 

-1-0.020 

+  0.003 

—  0.006 

Pulkowa, 

1845 

+  0.023 

0.000 

-0.004 

Radcliffe, 

1,SS5 

+  0.017 

-0.002 

+  0.008 

Santiago, 

1851 

+  0.004 

-O.OOS 

+  0.008 

Strassburg, 

1886 

+  0.016 

-0.002 

-0.001 

Greenwich, 

1851 

0.000 

-0.015 

+  0.011 

Cape, 

1889 

+  0  022 

-0.005 

+  0.002 

Washington. 

1850 

+  0.015 

-0.024 

+  0.017 

Madison, 

1890 

+  0.008 

-0.002 

0.000 

Greenwich, 

1857 

+  0.019 

-0.009 

+  0.016 

Berlin, 

1890 

+  0.020 

-0.004 

+0.001 

RadclitTe, 

1857 

+  0.032 

-0.017 

+  0.002 

Lisbon, 

1890 

+  0.016 

-0.001 

-0.002 

Ca[)o, 

18.50 

+0.024 

-0.012 

+  0.010 

Greenwich, 

1894 

+  0.045 

0.000 

0.000 

Paris, 

1800 

+  0.038 

-0.018 

+  0.012 

Mt.  Hamilton 

,1895 

+  0.028 

-0.004 

-0.004 

Melbourne, 

18()2 

+  0.047 

-0.030 

+  0.015 

Berlin. 

1895 

+  0.020 

-0.002 

+  0.002 

Greenwich, 

1804 

+  0.032 

-0.009 

+  0.009 

Albany, 

1898 

0.000 

O.OOO 

0.000 

Cape, 

1805 

-0.012 

0.000 

-0.001 
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In  all  cases  I  have  taken  the  formula,  a  sina  +  b  cos«, 
as  the  expression  to  be  adopted  for  the  periodic  part  of 
Jn^.  This  expression  is  naturall}'  suggested  by  the  asso- 
ciation of  the  observations  with  the  annual  cycle  of  the 
seasons,  and  with  the  diurnal  range  of  temperature.  It  is 
doubtless  true  that  in  particular  instances  the  real  correc- 
tions may  deviate  quite  sensibly  from  this  form,  but  the 
result  of  my  experience  is  that  this  formula  usually  repre- 
sents the  observed  residuals  for  Ja^  in  a  satisfactory  man- 
ner. But,  even  were  this  formula  more  deficient  than  it 
actually  is  in  the  representation  of  the  errors  of  observa- 
tion, a  strong  reason  for  its  adoption  would  still  exist  in 
the  requirements  of  investigations  based  upon  a  study  of 
observed  right-ascensions.  The  formulas  for  determination 
of  precession  and  solar  motion,  for  instance,  contain  terms' 
of  the  form,  a  sin  «  +  h  cos  a  ;  so  that  in  preparing  obser- 
vations for  such  an  investigation  it  would  be  more  desirable 
to  remove  all  vestiges  of  an  error  of  this  form  than  it 
would  be  to  have  even  a  more  exact  removal  of  the  errors 
of  observation  on  the  whole  associated  with  a  less  perfect 
removal  of  the  periodic  term.  In  fact,  curve-drawing  in 
the  representation  of  residual  phenomena  should  be  looked 
upon  as  an  unsatisfactory  process  to  be  avoided  whenever 
practicable,  and  when  circumstances  warrant  the  use  of  a 
formula. 

The  original  values  of  .Ji«„,  which  I  obtained  from  com- 
parison with  Xewcomu's  Standard  and  Zodiacal  Stars  in 
the  manner  already  described,  do  not  differ  very  materially 
from  those  of  Table  I  in  the  case  of  any  important  cata- 
logue. Following  are  the  values  of  Ja^ ,  employed  through- 
out the  computations  for  the  catalogue,  for  which  the 
differences  from  the  corresponding  values  from  Table  I  are 
much  larger  than  usual. 

Dorpat,        1824         -o!o20       +0.\nO  sin «  +0.008  cos « 

Cape,  1837 

Greenwich,  1838 

Greenwich,  1857 

Melbourne,  1862 

Harvard,      1865 

Melbourne,  1867 

Cordoba,      1877 

Radcliffe,     1885 

Investigation  of  Errors  having-  the  Form,  Ja,  . 

Having  ascertained  that  the  system,  ZST,,  in  the  light  of 
all  the  observations,  does  not  require  a  decided  correction 
that  is  discoverable  either  as  to  the  adopted  equinox  or  as 
to  the  periodic  part  of  z/«„,  we  proceed  next  to  construct  a 
system  which  shall  be  as  far  as  possible,  in  like  manner 
and  degree,  free  from  errors  depending  on  the  declination. 
In  the  attempt  to  do  this  it  will  be  advisable  to  recur  to 
the  observations  themselves,  and  to  build  up  from  them  an 
independent  sj-stem.  If  now  we  could  find  a  list  of  as 
many  as  200  stars,  well  distributed  in  declination,  of  which 


-0.004 

-0.015 

-  0.002 

+  0.076 

-0.033 

+  0.007 

+  0.019 

-0.013 

+  0.017 

+  0.047 

-0.024 

+  0.014 

-0.024 

-0.010 

-0.008 

+  0.035 

-0.0.34 

+  0.010 

+  0.002 

-0.U2S 

+  0.018 

+  0.017 

-0.008 

+  0.008 

the  right-ascension  of  each  star  had  been  determined  in 
each  valuable  authority  with  approximately  the  same  weight 
for  each  star,  our  task  would  be  comparatively  simjjle. 
We  could  first  settle  upon  the  standard  weight  in  the  funda- 
mental sense  to  which  each  catalogue  of  observation  is 
entitled,  and  by  use  of  these  weights,  after  correction  of 
each  catalogue  for  Ja^,  compute  the  right-ascension  of  each 
star  from  a  combination  of  all  the  authorities  entitled  to 
weight  in  the  fundamental  sense.  We  should  at  once  have 
our  fundamental  catalogue,  from  comparison  with  which 
the  systematic  errors  of  each  of  the  principal  catalogues  of 
observation  could  be  determined  with  practical  finality.  A 
slight  subsequent  improvement  of  the  right-ascensions  of 
each  individual  star  might  then  be  obtained  through  the 
employment  of  the  systematic  corrections  already  ascer- 
tained, in  a  new  solution  for  each  star  in  which  the  weights 
would  be  assigned  according  to  the  value  of  each  catalogue 
in  the  purely  differential  sense ;  so  that  many  valuable 
series  of  observations  would  then  be  introduced  which  make 
no  pretensions  to  value  as  independent  determinations. 

In  practice  the  case  is  far  different.  I  have  been  unable 
to  find  more  than  46  stars  for  which  the  ideal  conditions 
are  even  approximately  fulfilled  ;  and  this  number  is  too 
few  for  anything  better  than  a  rough  preliminarj-  determi- 
nation of  the  systematic  corrections,  z/wj.  Perhaps  the 
necessary  method  of  procedure  will  be  more  easih'  under- 
stood through  a  brief  exposition  of  the  successive  steps 
actually  adopted  in  the  present  investigation. 

In  arriving  at  my  published  right-ascensions  three  suc- 
cessive approximations  were  employed.  It  will  not  be 
necessary  to  exhibit  these  in  detail,  since  the  onlj'  object 
in  doing  this  would  be  to  afford  the  means  of  judging  what 
degree  of  confidence  attaches  to  the  final  result,  —  an  object 
which  is  sought  otherwise  through  a  special  discussion 
further  on.  But  some  account  of  the  preliminary  steps 
may  have  an  interest. 

First,  45  stars  (and  Polaris)  were  selected  (see  Table  II) 
on  the  ground  that  thej'  are  the  stars  of  which  the  positions 
are  most  effectively  determined  in  the  greatest  number  of 
important  catalogues.  All  the  catalogues  were  then  cor- 
rected for  the  values  of  Ju^  determined  in  the  manner 
already  described.  The  positions  may  now  be  supposed  ta 
be  affected  only  by  systematic  errors  of  the  form,  Ju, . 

The  next  process  is  to  obtain  a  series  of  values  of  a  and 
IX  for  these  45  stars  which  shall  be  as  nearly  as  possible 
homogeneous.  At  this  stage  it  is  not  important  that  the 
systematic  errors  should  be  zero ;  though  it  is  very  desir- 
able that  the  casual  errors  of  computed  mean  «  and  ^  should 
be  as  small  as  possible,  and  that,  whatever  the  systematic 
errors  of  these  computed  values  of  right-ascension  may  be,, 
they  should  be  approximately  the  same  within  any  one 
comparatively  narrow  zone  of  declination.  Therefore  in 
selecting  the  catalogues  to  be  employed  in  this  preliminary 
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step,  precision  in  the  differential  sense  is  of  more  impor- 
tance than  fundamental  character.  Hence  the  average 
weight  assigned  to  each  catalogue  for  service  in  this  pre- 
liminary operation  was  virtually  based  upon  its  precision 
in  the  differential  sense.  This  first  essay  is  not  for  the 
purpose  of  computing  a  system  of  right-ascensions  free 
from  systematic  error,  but  to  provide  a  system  which  can 
be  corrected  easily  and  with  accuracy  through  the  means 
which  actually  exist. 

The  45  values  of  a  and  /*  obtained  in  this  way  must 
next  be  freed  from  systematic  error  of  the  form,  Ja, .  Each 
catalogue  which  is  entitled  to  any  weight  for  the  determi- 
nation of  Jit,  furnishes  a  correction  of  each  of  the  45  com- 
puted right-ascensions  that  are  common  to  it.  Within  any 
comparatively  narrow  zone  we  may  suppose  that  these  cor- 
rections will  be  approximately  the  same,  except  for  the 
casual  errors  of  observation ;  so  that,  if  we  combine  four 
stars  in  a  single  zone,  and  our  catalogue  of  observation 
contains  only  two  of  these  stars,  the  mean  of  the  two  cor- 
rections will  be  systematically  the  same  as  would  have  been 
the  mean  of  all  four  had  the  catalogue  contained  all  of 
them,  — the  only  difference  being  that  the  casual  error  may 
be  larger,  and  therefore  less  likely  to  be  compensated  by 
those  of  other  catalogues  in  the  same  zone.  This  process 
is  entirely  analogous  to  that  which  is  followed  in  the  re- 
duction of  broken  transits. 

Thus  for  each  of  the  nine  zones  (see  Table  II)  into 
which  the  45  right-ascensions  were  divided,  a  "zone- 
correction  "  was  formed  from  the  corrections  of  the  pre- 
liminary right-ascension  given  hy  each  catalogue  supposed 
to  have  weight  in  the  determination  of  ^Kj.  As  a  matter 
of  fact  there  were  few  catalogues  which  did  not  contain 
nearly  all  the  stars  in  each  of  the  zones.  The  deficiencies 
were  greatest  north  of  +30°  of  declination. 

Taking  now  one  of  the  zones  as  a  representative  of  the 
mean  of  the  stars  in  that  zone  we  find  that  we  have  a  series 
of  corrections  U)  that  representative  given  by  each  of  the 
selected  catalogues,  arranged  in  chronological  order.  The 
list  of  selected  catalogues,  together  with  the  weiglits  as- 
signed to  each,  is  exhibited  in  the  first  three  columns  of 
Table  III;  but  Lisbon  1890  must  be  excepted,  since  it 
was  not  published  until  after  the  final  computations  for 
right-ascension  had  been  completed.  Tlie  mean  date  of 
each  catalogue  as  given  in  the  second  column  was  estimated 
for  the  purposes  of  this  computation,  and  the  adopted 
weights  appear  in  the  third  column.  In  assigning  these 
weiglits  various  restrictions  will  suggest  themselves  to  the 
investigator.  In  the  first  place  the  casual  errors  of  obser- 
vation may  be  so  great,  or  the  number  of  observations  may 
be  relatively  so  small,  as  to  vitiate  the  value  tliat  a  cata^ 
logue  might  otherwise  have  for  this  purpose.  Cape  1830 
(Fallows)  falls  in  this  category.  Cambridge  1831  (Amy)  is 
very  near  the  boundary  of  rejected  catalogues  for  this  reason. 


The  contributions  of  an  observatory  during  any  given 
period  must  be  judged  as  a  whole,  —  obviously  so,  when  the 
same  transit  is  concerned  in  the  production  of  distinct  series 
of  right-ascensions  in  comparatively  close  succession.  Thus, 
each  of  the  contributions  from  the  Greenwich  Transit 
Circle  has  received  a  weight  less  than  that  to  which  it 
would  have  been  entitled  had  it  stood  as  the  sole  repre- 
sentative of  the  observations  of  that  instrument.  On  the 
other  hand,  when  the  extreme  interval  in  a  long  series  of 
productions,  like  those  from  the  Greenwich  Transit  Circle. 
is  so  great,  the  total  weight  assigned  may  be  much  greater 
than  that  which  could  possibly  be  due  to  a  single  repre- 
sentative. 

Another  question  is  presented  in  the  criterion  of  inde- 
pendence relative  to  terms  in  Ja,  that  should  be  exacted. 
The  character  of  the  meridian,  or  hour-circle,  described  by 
the  transit,  as  fixed  by  the  definitive  reduction  of  the  ob- 
servations, depends  essentially  upon  three  elements  : 

1.  Upon  the  character  of  the  determhiatiotis  of  ro/H- 
mation.  Frequent  reversal  of  the  transit  eliminates  this 
question  in  a  material  degree.  The  Lisbon  observations, 
where  the  transit  was  reversed  in  the  observation  of  each 
star,  illustrates  this  in  a  remarkable  manner.  For  the  non- 
reversible transit  a  systematic  error  in  this  respect  amount- 
ing to  .Jc  introduces  a  systematic  error  in  the  final  result 
equal  to 

Jc  I  tan  ^  —  tan  —  1 

in  which  P  is  the  polar  distance  of  the  star  observed,  and 
P'  is  the  effective  mean  polar  distance  of   the  clock  stars. 

2.  Cpow  the  character  of  the  pirots.  For  the  most  part 
we  must  rely  upon  our  experience  and  judgement  as  to  the 
quality  of  work  produced  by  the  respective  makers  of  in- 
struments. In  a  few  instances  the  pivots  liave  been 
investigated  in  a  manner  which  inspires  confidence  in  the 
results.  On  the  other  hand,  my  impression  is  that  the 
pivots  now  produced  by  the  best  makers  are  so  perfect  that 
the  errors  originating  through  irregularities  in  them  are 
not  very  important  in  relation  to  those  from  other  sources. 
The  error  in  right-ascension  introduced  bj'  a  relative  ellip- 
ticity  of  pivots  has  the  form,  e  sin  (2S+^)  secS,  in  which 
xf/  is  an  auxiliary  angle  to  be  determined.  This  error  is 
most  to  be  feared  in  non-reversible  transits;  but  even  in 
the  case  of  a  reversible  transit,  where  either  of  the  axes  of 
the  relative  ellipse  happens  to  be  nearly  parallel  to  the  line 
of  colliniation,  this  form  of  error  is  not  eliminated.  In 
many  instances  where  the  systematic  correction  is  large 
and  reaches  a  maximum  at  about  45°  of  declination,  while 
it  is  quite  small  near  the  pole,  I  suspect  that  the  instru- 
mental error  may  be  due  to  relative  ellipticity  of  ]iivots. 
The  right-ascensions  of  Dorpat  24,  Greenwich  30,  Harvard 
()5,  Brus.sels  Go  and  Albany  98  may  be  open  to  suspicion  of 
this  kind. 
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3.  Upon  the  determination  of  the  polar  deviation,  n. 
To  secure  independence  in  this  respect  tiie  value  of  n  should 
be  ascertained  through  successive  transits  of  close  circum- 
polar  stars.  If  this  criterion  were  to  be  insisted  on  it 
would  considerably  restrict  the  choice  of  catalogues  to  be 
employed  in  determination  of  Ja,.  This  restricted  choice 
I  have  indicated  through  the  weights  assigned  in  the  fourth 
column  of  Table  III.  But  we  may  be  permitted  to  look 
upon  the  riglit-ascensions  of  the  close  circumpolar  stars, 
especially  of  such  stars  as  a  and  8  Ursae  minoris,  as  some- 
thing approximating  the  nature  of  astronomical  constants. 
Admission  into  the  problem  of  determination  of  /Jue  of 
certain  catalogues  of  riglit-asceiisions  which  rest  on  pre- 
dicted right-ascensions  of  the  close  circumpolar  stars  would 
mean  on  the  one  hand  that  we  are  virtually  assigning-  a 
larger  weight  than  nominally  appears  to  those  catalogues 
upon  which  the  predicted  positions  depend;  and  on  the 
other  hand  that  we  regard  the  errors,  Jiu,  to  be  feared  in 
the  region  intermediate  between  the  pole  and  the  equator 
as  likely  to  be  notably  larger  than  those  which  we  find  in 
investigations  of  the  polar  zone.  This  is  really  the  case, 
and  seems  to  justify  the  decision  to  assign  some  weight  in 
the  determination  of  /la,  to  certain  series  of  right-ascension 
in  the  reduction  of  which  predicted  places  of  the  close 
circumpolars  have  been  employed.  But  these  catalogues 
were  not  used  in  determination  of  zlitf  for  the  polar  zone. 
(See  Table  III.) 

Added  to  these  three  conspicuous  elements  to  be  con- 
sidered in  determining  Ja,  are  others  of  a  nature  less 
certain  and  more  obscure.  These  in  some  instances  may 
have  exerted  a  sensible  influence  upon  the  errors  of  the 
catalogues.  There  are  systematic  errors  arising  from 
faulty  illumination  of  the  transit  threads.  There  is  also 
the  error  at  the  zenith  which  may  exist  relative  to  the 
a[)parent  direction  of  transit.  This,  in  the  case  of  Rom- 
berg at  Pulkowa,  may  have  been  quite  sensible,  and  there 
are  slight  traces  of  it  in  other  instances.  In  general,  how- 
ever, the  evidence  is  that  this  form  of  error  is  little  to  be 
feared.  Associated  with  this  are  errors  in  the  line  of  colli- 
mation  which  may  arise  from  looseness,  or  weakness,  in 
the  structure  of  the  transit,  —  especially  in  the  fastening 
of  the  objective  and  ocular.  I  suspect  that  the  right- 
ascensions  of  the  Washington  Transit  Circle  (1865-1 890) 
may  have  suffered  somewhat  from  this  cause.  The  respec- 
tive zenith-points  of  the  principal  observatories  in  the 
northern  hemisphere  range  over  more  than  20°  of  declina- 
tion ;  and,  therefore,  the  results  for  /la,  from  the  mass  of 
observations  aiford  an  efficient  test  for  any  one  of  them  in 
respect  to  these  two  sources  of  errors.  Personal  equations 
dependent  on  declination  of  the  star  observed  may  also 
exist,  but  their  effects  would  probably  be  merged  to  a  con- 
siderable extent  in  the  determination  of  the  polar  deviation 
of  the  transit. 


Resuming  now  the  zone-corrections  for  the  amendment 
of  the  preliminary  right-ascensions  of  4.5  stars  we  may  form 
equations  in  each  zone  from  the  corrections  given  by  the 
respective  catalogues  arranged  in  chronological  order,  and 
weighted  in  the  manner  already  described.  Let  Jk,  be  the 
common  correction  to  the  preliminary  right-ascensions  foi' 
1875  of  a  given  zone,  and  zZ/x,,  the  common  correction  for 
the  proper  motions.  AVe  then  form  equations  of  condition 
in  the  usual  manner,  and  obtain  from  the  resulting  normal 
equations  adopted  values  of  these  quantities.  Then,  cor- 
recting each  preliminary  right-ascension  in  a  given  zone  by 
the  values  of  //«„  and  J/i„  for  that  zone  we  arrive  at  right- 
ascensions  for  each  star  which,  provisionally,  may  be 
regarded  as  free  from  systematic  error  of  the  form,z/rtj, 
so  far  as  this  result  can  be  obtained  from  the  testimony 
under  consideration. 

As  already  pointed  out,  a  slight  inconsistency  attaches 
to  these  solutions  in  the  fact  that,  for  a  zone  here  and 
there  and  for  a  few  catalogues,  the  normal  weight  was 
reduced.  It  was  necessary  to  take  this  course  in  some  in- 
stances on  account  of  the  casual  errors  which  might  arise 
from  the  unusual  weakness  of  the  catalogues  in  question 
for  certain  of  the  zones,  —  especially  for  those  north  of 
+  30°.  Practically,  however,  the  results  of  this  inconsis- 
tency are  not  important:  and  in  many  instances  they  are 
remedied  in  a  later  approximation. 

Furthermore,  it  should  be  explained  that  in  the  ease  of 
Romberg's  Pulkowa  catalogue  for  1875,  of  Battermanx's 
Berlin  catalogue  for  1895,  and  of  Greenwich  1890,  the 
catalogue  right-ascensions  were  modified  in  this  part  of  the 
work.  Romberg's  catalogue  right-ascensions  were  first 
corrected  in  a  way  to  remove  the  systematic  corrections 
which  he  applied  {Int.,  p.  8)  in  order  to  reduce  them  to 
systematic  conformity  with  Pulkowa,  1865.  In  this  way 
we  may  suppose  that  we  have  obtained  the  right-ascensions 
as  they  would  have  been  given  by  the  meridian  circle  itself; 
and  I  have  assumed  that  these  would  be  valuable  as  an 
independent  factor  in  the  determination  of  Jug.  A  similar 
course  was  followed  with  the  Berlin  catalogue  for  1895  by 
the  use  of  systematic  corrections  printed  in  the  introduction 
(p.  14)  which  exhibit  the  deviation  of  the  instrumental 
meridian  from  that  of  th^  A.G.C.  In  the  case  of  Green- 
wich 1890  I  have  applied  the  correction  for  systematic 
error  of  eollimation  in  the  form  recommended  in  the  intro- 
duction (p.  5)  of  the  catalogue. 

But  in  the  tables  of  systematic  correction,  Ja^ ,  hereafter 
to  be  given,  the  numbers  are  applicable  to  the  catalogue 
positions. 

The  results  obtained  for  the  45  stars  through  the  com- 
bination of  operations  already  described  are  exhibited  in 
Table  II.  The  spaces  indicate  the  division  into  zones. 
The  corrections,  //«  and  Jfj.,  when  added  to  the  right- 
ascensions  of  the  45  stars,  produce  those  of  the  final  cata- 
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logue  after  all  the  approximations.  It  will  be  seen  in  a 
general  way  that  this  first  approximation  represents  in  the 
systematic  sense  the  final  result  with  a  very  considerable 
degree  of  accuracy.  In  no  case  is  the  correction  for  an  in- 
dividual star  above  O'.Ol  sec  8,  and  usually  it  is  much  less. 
Systematically  the  results  of  this  first  approximation  are 
practically  the  same  as  those  of  the  final  catalogue.  This, 
of  course,  could  not  have  been  foreseen  at  the  time;  but 
if  the  case  had  been  otherwise  the  same  final  result  would 
have  been  reached. 

TABLE  II. 
KiGHT-AscENSioss,  B',  OF  46  Pkimarv  Standard  Stars 

D?;rKRMIXED  IN  THE  FlKST  ApPKOXlMATION,  DeFINEDi 
TirROUGH  THE  CORRECTIONS  TO  THEM  GiVEN  BY  THE 
RlOnT-.\sCENSIONS,    B,    OF    THE     FiNAL     CATALOGUE    FOR 

THE  Epoch  1875. 


1 

i- 

iV 

B- 

-  \v 

8 

Ja 

Jf 

8 

Ja 

-1/' 

.001 

.0001 

.001 

0001 

K  Ur/s.  mill. 

+  80 

- 

25 

- 

13 

a  Androiii. 
13  I'aiiri 

+  28° 
28 

+  2 
0 

-1 

0 

^  Ch-s.  Ill  in. 

+  78 

+ 

'J 

— 

1 

13  (ieminor. 

28 

-3 

0 

y  Cepliei 

7G 

+  14 

+ 

9 

a  Cor.  flor. 

27 

-1 

-1 

13  fj'r.t.  Ill  in. 

7;") 

+ 

6 

+ 

6 

a  Arieti.t 

23 

+  1 

+  1 

13  CfjJiei 

70 

+  12 

+ 

6 

a  Hoof  in 

+  20 

-3 

-1 

a  f'r.t.  .UitJ. 

+  62 

_ 

5 

_ 

4 

a  Tditri 

16 

+  1 

0 

11  Ce/i/iei 

62 

_ 

21 

_ 

8 

j3  Lponi.i 

15 

_2 

-1 

ic  C(is.iio/>. 

56 

— 

2 

_ 

o 

a  //err II /is 

15 

0 

-1 

y  Cr-i.  Miij. 

54 

+ 

7 

— 

3 

It  Pegitsi 
y  Feffu-ti 

15 
14 

+  1 
_2 

+1 

0 

0  fr.i.  MiiJ. 

+  52 

— 

2 

— 

1 

a  Leon  is 

13 

_2 

0 

P  Driicnni.i 

52 

+  12 

+ 

5 

a  Ophiiir/ii 

13 

2 

2 

y  Draronis 

52 

— 

6 

— 

4 

,,  ri-K.  Maj. 

50 

+ 

o 

o 

y  A'/iii/<i); 
a  .ii/iiilae 
n  Orion i.<i 

+  10 
9 

0 

-1 
+  4 

0 
0 
0 

a  P.-rs.i 

+4;> 

— 

1 

+ 

1 

It  Serpentis 

7 

0 

0 

i  rrs.  M;j. 

4'.» 

— 

7 

— 

.1 

f3  Ai/ nil  lie 

(i 

_2 

0 

a  Auri'iiie 

46 

_ 

7 

_ 

2 

a  Cefi 

+  4 

-4 

-1 

a  Cijgni 

45 

+ 

3 

+ 

3 

It  Ai/iiiirii 
(3  Orion  is 

-1 
-8 

2 

+  1 

0 

+1 

a  Can.  Ven. 

+;{9 

+ 

4 

+ 

2 

a  I/ijdriie 

8 

0 

0 

(I  Liiriii' 

;{<) 

— 

4 

— 

o 

It  riri/inis 

10 

0 

0 

13  Aiidrom. 

;}5 

_ 

1 

+ 

1 

a  Capricorn  i 

13 

-1 

+1 

/J  Lyme 

■a:\ 

+ 

1 

- 

1 

u  I^  ill  me 

15 

-1 

-1 

With  this  preliminary  Standard  Catalogue  of  45  Stars 
between  +79°  and  —15°  of  declination  the  first  prelimi- 
nary correctiotis  of  the  principal  catalogues  were  determined, 
embracing  those  enumerated  in  Table  III,  togetlier  with 
others  valuable  in  the  differential  point  of  view.  In  draw- 
ing the  curves  of  correction  minor  peculiarities  were  not 


regarded  at  this  stage;  but  the  most  painstaking  care  was 
exercised  to  secure  practical  equality  of  positive  and  nega- 
tive deviations  from  the  general  trend  of  the  curves  of 
correction  on  the  part  of  individual  residuals.  This  is 
really  one  of  the  most  critical  operations  in  the  entire  pro- 
cess, and  one  upon  which  the  actual  gain  of  precision  in 
successive  approximations  very  much  depends;  since  a 
fairly  good  approximation  to  a  perfect  standard  catalogue 
already  obtained  may  subsequently  be  lost  through  an  un- 
lucky combination  of  errors  in  the  adopted  curves  of  cor- 
rection. 

The  corrections  were  adopted  at  this  stage  for  stars 
between  +  80°  and  —20°  of  declination.  These  preliminary 
systematic  corrections  were  now  employed  in  determining 
standard  right-ascensions  for  113  additional  stars  for  which 
the  weight  of  determination  in  view  of  the  collected 
material  seemed  to  be  the  greatest.  The  adopted  weights 
in  the  star-solutions  were  now  based  upon  the  supposed 
value  of  the  various  catalogues  in  the  differential  sense. 
We  now  have  a  standard  catalogue  of  158  stars  to  which 
may  be  added  70  others  within  the  limits,  —20°  to  —40°, 
which  were  taken  from  the  best  determined  stars  of  my 
paper  on  179  Soutliem  Standard  Stars  (A.J.  450).  modified 
by  systematic  corrections  exhibited  in  my  paper  published 
in  the  AstronomiculJoumal,  No.  499,  since  I  considered  those 
to  have  reached  a  grade  of  approximation  in  the  progress 
toward  a  true  normal  system  comparable  with  that  now 
attained  for  the  158  northern  standard  stars.  Preliminary 
to  plotting  the  revised  zone-corrections  for  curve-drawing 
all  of  them  were  multiplied  by  cos  5,  a  process  which  i% 
absoluteh-  necessary  to  the  attainment  of  real  precision  in 
the  higher  declinations.  In  drawing  these  curves  more 
attention  was  given  to  subsidiary  inflections  in  the  trend 
of  corrections.  In  regard  to  minor  deviations  of  the  curves 
from  a  bold  general  sweep  they  are  abundantly  justified  by 
experience.  There  is  logical  reason  for  such  deviations  in 
the  probable  minute  deformations  of  the  pivots  of  transit 
instruments  combined  with  other  sources  of  error.  In 
many  instances  where,  on  account  of  the  comparative 
poverty  of  material  in  this  approximation,  I  have  resisted 
the  inclination  to  follow  an  indicated  deflection  from  a  free 
sweeping  curve,  on  a  later  ai>])roximation.  witli  much  more 
material,  I  have  been  compelled  to  recognize  it.  In  general, 
throughout,  I  have  not  pushed  the  maxima  and  minilna  of 
these  curves  to  the  extremes  indicated  by  the  observations ; 
but  at  such  points  I  have  usually  left  an  interval  from  the 
zone-correction  (mean  for  5°)  equal  to  its  ]>robable  error, 
and  in  some  cases  to  as  much  as  three  or  four  times  the 
probable  error.  The  weights  of  the  grou]>-correction  being 
known  it  is  possible  with  care  to  arrange  the  residual  errors 
left  by  the  curve  so  that  to  some  extent  they  shall  follow 
the  law  of  distribution  indicated  by  tlie  theory  of  probable 
error. 
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TABLK    111, 

OuSKliVKI>    COKRECTIONS,     — z/«jCOS8,    TO    THE    SySTEM    OF    RiGHT- ASCENSIONS    OF    027    StaNDAKD    StAKS, 

Given  by  Catalogues  of  Obsekvation. 
Northern  Hemisphere. 


Decl.  of  Zone 

+80° 

+60° 

+45° 

+30° 

+15° 

0° 

Catal.  and  Date 

1S0O+ 

Weights    ;)<::(£   p        C 

**    P         C 

**    p         C 

j  **   P      c 

**    p       C 

1**    p 

c 

., 

I                    ' 

8 

a 

1                                   8 

» 

1 

■ 

Dorpat  15 

Konlgsb.  I'i 

Dorpat  24 

Al.o  29 

Gi-eeiiw.  30 

Cape  33 

Cainb.  31 

Cape  37 

Green  w.  38 

Greenw.  44 

Kadcl.  45 

J'aris  45 

Pulkowa  45 


(ireeuw. 


51 


Wash.  5G 

Greenw.  57 

Radcl.  57 

Cape  59 

Pai'i.s  60 

Melb.  62 

Greenw.  04 

Uruss.  65 

Ilarv.  65 

Pnlkowa  05 

Melb.  «T 


71 


Wasb. 

Greenw.  72 

Harv.  75 

Pulkowa  76 

Paris  76 

Cape  76 

Cordoba  77 

Melb.  77 


Greenw.  S2 

Cape  S3 

Pnlkowa  S4 

Strassb.  sO 

Cape  s{> 

Madison  90 

Lisoon  90 

Greenw.  i>4 

Mt.  Hamil.  95 

Berlin  95 

Albany  98 


2  23   2  -.003 

3  S    3  +.002     12    3  +.004  IS  3  +.010      5  3  -.010  10  3      .000      5  3  +.00S 
3     10    3  -.000    20    3  -.OlS  34  3  -.022    30  3  -.015  21  3  -.004     IS  3  +.005 

12    3  -.016      20    3  -.018  32  3  -.011   j  29  .'J  +.001  26  3  +.005  ,33  3  +.001 
1     30    1  -.007     37     1  -.035  49  1  -.018      50  1  -.014  72  1  -.012     67  1  +.007 
4  0 -.066    11  1  -.037  16  2 -.001     IS  2 +.016 


6  0.5 -.011      14  0.5  -.002  I     80.5-.002 


18  1  +.031 

22  2  +.015 

38  1  +.009 

35  0  -.009 

29  S  -005 

24  1  +.021 

33  0  -.001 

26  2  +007 

28  1  +.009 


19 
26 
38 
32 
36 
19 


1  +.032 

2  +.02S 

1  -.015 

3  -.014 
8  -.001 

1  +.014 


3    0  -.034 
16     1  +.004 

2  +.007 

1  -.016 

3  -.003 


20     1       .000     47     1  -.009     44     1  +.004 


16  1  -.016 

26  1  +  .007 

32  2  +.011 

19  1  -.023 

56  3  +.006 

8  +.007  I  55  S  +.005 

1  -.002  !  52  1  +.011 


43     2  +.015     34     2  +.007 
48     1  +.009     51     1  -.007 


30    2  +.016 
21    2  +.025 

26    1  +.029 


16    0  -.001  I  21     3  -.007 


33    2  -.002 

36  0  +.009 
31  0  +.005 
30  10 +.008 


20    2  -.003 

34  2  +.050 
34  1  -.023 
37  10 +.000 


37    4  +.003    31    4  +.010 


37    2  -.012  I  .36 


..002 


37    0  +.003 
27    0  +.032 


60    2  -.004 

36    4  +.023 

8    0  +.024 


2  -.002 

2  +.026 

1  -.007 
0  -.033 

3  -.011 

0  -.006 

2  +.011 
2  +.012 

1  -.016 
•)0  10  +.015 

3    0  -.024 


47 

45 

49 

25 

56 

22 

38 

63     2  + 

33     1  - 

56  10  + 

18    1  - 


.008 
.022 

.  004 
.007 
.006 
.019 
.OlS 
.007 
.015 
.010 
.006 


50 

1  -.018 

50 

1  +.024 

71 

3  —.005 

75 

3      .000 

61 

8  +.001 

50 

8  -.005 

70 

1  +.001 

66 

1  -.004 

73 

2  -.001 

71 

2  +.002 

68 

2  +.007 

67 

2  -.012 

69 

1   -.010 

68 

1  -.011 

41 

1  +.007 

43 

1  -.002 

72 

3  -.003 

71 

3  +.001 

38 

1  +.002 

29 

1       .000 

67 

2  +.001 

63 

2  -.010 

70 

2  +.00'.) 

1  .J 

2  -.001 

41 

]    — ,006 

38 

1  +.008 

50  10  -  .0(K5 

4S  \{)  -.008 

30 

2  -.007 

2S 

2  +.007 

54    4  +.015    58    4  -.000    74    4  -.008    64    4  +.009 


46  2      . 000 

50  2  -.002 

53  4  -.004 

35  2  -.015 


9    0  -.006 


60    2  +.013     73    2  +.003 


66    2  -.009 


56  2  -.005     64  2  -.001     49  2      .000 

62  4  -.008     71  4  +.002     64  4  +.003 

56  2  -.007  '  64  2  -.005  '  68  2  +.003 

24  1  -.003  I  54  1  +.006     64  1  -.002 

14  2  +.006    32  3  -.003    49  3  +.003 

27  1  -.005  >  49  1  -.004  156  1  +.014 


37    2 -.010    35    2  -.005    47    2  +.004    62    2 +.008     71    2      .000    65    2  -  .005 


s 

S 

2 

'> 

3 

_ 

2 

- 

3 

3 

3 

_ 

2 

_ 

3 

1 

2 

10    27  10 +.002 
12    S  -.m\ 

17    0  -.006 


35  10  +.(KI2 
10    S  -.016 


27    0 +.013    51    2  +.011     65    2      .(K»0    64    2  +.005 


34 
9 


3  -.014 
2  +.001 


50  10  +.001 
36  S  -MW) 
18    0  -.024 

46  3  -.004 
44    2  +.007 


55  10  +.002 
22  8  +.003 
57    2  -.006 

57  3  -.008 
48    2  +.003 


5S  10  +.005 
50  S  +.006 
74    2  -.001 

62  3  -.003 
57     2  -.003 


46  10  -  .003 
5S  S  -.((OS 
6S    2  +.006 

45  3  +.004 
43     2  -.005 


37    3     .000  34    3  -.001 

33    0  -.015         

33    2  -.002 

11    3  -.011  3     1  -.013 


53    3  +.002    63  3  +.003 

I  15  3      .000 

41     2  +.014      49  2      .000 

14    3  -.027      17  3  -.031 


75  3      .000    76  3  -.001 

28  3  -.007   ,  50  3  +.004 
58  2  +.004     38  2  +.002 

29  3  -.004     21  3  +.006 
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TABLE   III. 
/Jug  cos &,  TO  THE  Syste.m  OF  RiiiHT-AscENsioxs  OF  627  Stan"I).\I".d  Staks. 
Given  by  Catalogues  of  Obsekvatiox. 

SOUTIIEIJS  Hemispheisf.. 


Decl.  of  Zone 

—15° 

—30° 

—45° 

-60' 

—SO' 

Catal.  and  Date 

18001- 

**  p        C 

**  P        C 

** 

/> 

C             C 

**i> 

C 

c 

**p 

c 

c 

Konigsb.    23 
Dorpal       24 

Abo               29 
Greenw.        30 

Cape          33 

Canib.            31 

Cape              37 
Greenw.        38 

Greenw.     44 

Kad.l,              45 
Talis              45 

Palkowa    45 

Gieenw.         51 
Wash.           56 

Greenw.     57 

Radfl.           o, 
Cape               59 
Paris             60 
Melb.             62 

Greenw.     04 

Brnss.            65 
Ha  IV,             65 

Palkowa    05 
Melb.         07 

Wa8b.         71 

Greenw.         72 
Harv.             75 
Pnlkowa       76 
Paris             76 
Cape              76 

Cordoba     77 

Melb.              77 

Greenw.     S2 
Cape          S3 
Pulkowa    si 
Strassb.     so 
Cape          s}> 

Madison        90 
!  Lisbon           90 

Greenw.     04 

.  Ml.  Uaniil.   95 
1  Berlin            95 
i  Albany          98 

7  3  +.()11 
15  2  +.013 

33  2   -.011 
93  1    +.023 
24  2  +.011 

61   1        .000 

55  2   -  .007 
57  1    -  .015 
57  2  -.002 
61   1    +  .014 
92  3        .000 
04  0  -.001 
88   1   -  .006 

88  2   +  .001 
07  2  -.012 
76  1    +.017 
40  1        .000 
85  3   +.007 
37  1   -.009 

50  2  -.000 
90  2   -  .015 
39  1    +.011 
30  0  +.002 
24  2   +.000 

75  4  +.00S 

81   2       .000 
66  2  +  .004 

51  4        .000 
84  2   +  .007 

78  1    -  .013 
90  3   -.011 

79  1    -.012 

S5  2   -.001 
SO  2      .014 
37  0      .003 
s|  s       .002 
Si   2   +.001 
15  3   +.011 
53  2  +  .007 

07  3   -.005 

28  3   +  .010 
21  2   -  .006 
21  3   +  .014 

30  0   +.028 
10  2  -.000 

8  0   +.011 

63  2   -  .004 
21 0.5  +  .005 

20  1    +.011 

14  0   +  .010 
37  2   +  .002 

24  0.5 -.005 

61  2   -  .009 

34  1   _  .004 

29  0   +  .035 
57  1    -.012 

30  2   +  .021 
33  1    +.005 

21  1   +.001 
37  1    _.014 

27  1   +.036 

35  2   +.000 

54  4   +.000 

28  1    -.002 

31  2   -.009 

21   1    +  .002 

65  1    -.037 
00  3   -.005 

39  1    -.039 

30  1    -.(M»2 
53  2   -.030 

32  5  +.iMM> 
05  2  -.024 

20  2   +  .006 

37  2  -.001 

30  3   +  .007 

66  3   +  .030 

24 

63 

7 

57 
16' 

05 
13 

69 
71 

4 
51 

7s 

13 

8                         S 

• 

' 

' 

• 

2 

+  .0(>5   +.000 

25  2 

+  .mry 

+  .(KK) 

10  2 

.000 

-.(»0I 

2 

-  .001    -  .009 

56   2 

-.003 

-  .013 

33  2 

.000 

-  .012 

1 

0 

-  .065    -  .065 

1 

1 

-  .025    -  .030 

60   1 

-  .027 

-  .031 

38   1 

.000 

-.002 

1 

+  .015    +.012 

25   1 

+  .022 

+  .018 

33   1 

-.004 

-.009 

2 

1 

-.000   +.002 
+  .0(»3   +  .(K»3 

02  2 

+  .01(> 

+  .(Hs 

12  2 

+  .(M>3 

+  .(«2 

1 

1 
3 

(1 

-.012    -.026 
+  .023   +.01S 

.    .    .      -.062 

65   1 
05  3 
14    1 

+  .023 
+  .017 

+  .003 

+  .016 
+  .014 

-.003 

43  1 
43  3 

29   1 

.000 
+  .002 

+  .0(15 

+  .003 
+  .(►02 

+  .OOQ    I 

>2 

,004     .(Us 

13  2 

+  .001 

-.OOs 

30  2 

^  .(►02 

+  .(M^1 

•) 

-.017    -.(►27 

00  2 

-.011 

-.020 

37  2 

.000 

-.(K^7 

1 

_  .003    -  .003 

0 

+  .019    +.019 

68 
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Provided  with  this  second  set  of  systematic  corrections, 
Jrtj,  the  catalogue  of  standard  stars  was  now  expanded  to 
include  401  stars  distributed  over  the  entire  sky  ;  and  the 
process  already  described  was  repeated,  except  that  new 
positions  were  not  computed  for  the  158  northern  standard 
stars,  nor  for  the  70  included  in  the  zone  —20°  to  —40°. 
Tlie  curves  of  correction  ascertained  in  this  approximation 
were  the  ones  finally  adopted  in  computing  the  right- 
ascensions  which  appear  in  the  catalogue.  They  do  not 
differ  in  any  very  material  way  from  the  curves  of  correc- 
tion derived  from  the  final  catalogue-places  themselves, 
which  are  the  corrections  to  be  published  at  the  end  of  this 
series  of  papers. 

In  relation  to  the  two  zones  embraced  within  a  radius  of 
8°  from  either  pole  it  is  proper  to  saj-  that  an  amount  of 
labor  was  expended  upon  this  part  of  the  work  which  was 
possibly  not  fully  justified  by  its  importance.  The  final 
positions  of  Newcomb,  or  of  Auwers,  were  as  far  as  pos- 
sible utilized  as  the  basis  of  position  to  be  corrected.  An 
ephemeris  of  each  star  at  five-year  intervals  and  extending 
over  the  entire  range  of  observation  was  computed  by 
means  of  the  trigonometrical  formulas,  assumed  proper- 
motions  having  been  taken  strictly  into  account.  Annual 
and  secular  variations  were  then  computed  for  each  epoch, 
and  also  the  third  derivative,  where  necessary,  by  means  of 
differences  in  the  secular  variations.  Then  the  work  of 
expansion  was  tested  by  mechanical  integration  with  the 
result  that  in  no  case  was  more  than  a  trifling  modification 
found  necessary.  The  observations  were  then  comjiared 
with  the  ephemeris,  and  the  usnal  mode  of  procedure,  end- 
ing with  the  formation  of  zone-equations,  was  followed,  the 
residuals  as  in  other  instances  relative  to  high  declinations 
having  been  first  multiplied  by  cos  8.  In  case  of  the 
northern  zone  the  first  approximation  was  reached  by  means 
of  a  special  treatment  of  the  four  stars,  a  Urs.  min., 
51  H  Cephei,  8  and  X  Urs.  min.  In  the  case  of  a  Urs. 
min.,  which  played  the  principal  role,  I  employed  all 
the  strictly  independent  determinations  known  to  me, 
whether  contained  in  the  principal  catalogues  or  not.  In 
deciding  upon  the  curves  of  correction  for  the  polar  zones 
their  trend  in  the  adjoining  zones  was  taken  into  account. 

In  extending  the  work  from  —40°  to  the  southern  pole  a 
process  was  followed  which  is  set  forth  in  connection  with 
the  test-computation  (Table  III),  except  that  the  zones 
treated  were  5°  instead  of  15°  in  width. 

Final  Test  of  the  Rigbt-Ascensious. 

In  order  to  test  the  entire  work  and  to  perfect  the  curves 
of  correction,  I  have  carefully  compared  the  Catalogue 
of  627  Standard  Stars  (including  also  about  100  standard 
right-ascensions  which  remain  unpublished)  with  each 
of   the  catalogues   of   observation    employed   in   its   con- 


struction, and  with  some  others  for  which  it  ig  of  special 
interest  to  know  the  sj-stematic  corrections.  An  abridged 
outline  of  the  results  for  all  the  catalogues  to  which  weight 
was  assigned  in  the  systematic  sense  is  exhibited  in  Table 
III.  This  part  of  the  work,  as  well  as  all  other  essential 
operations  connected  with  the  formation  of  the  catalogue, 
was  performed  in  duplicate. 

Throughout  the  work  the  values  of  .Ju^  for  the  principal 
catalogues  were  retained  as  they  were  first  computed  in 
the  manner  already  described ;  but  in  this  final  revision  of 
the  sj'stematic  corrections  a  new  determination  of  each  in- 
dividual value  of  .  /«^  was  obtained  by  means  of  comparison 
with  the  Catalogue  of  (527  Standard  Stars. 

The  observed  values  of  Jug  were  computed  for  zones  5° 
wide  in  such  a  manner  that  the  mean  of  each  zone  should 
fall  very  nearly  at  some  multiple  of  5°.  Throughout  this 
and  all  similar  computations  in  this  work  the  differential 
weights  were  rigorously  employed,  and  the  resulting  weights 
were  always  attached  to  the  combinations  that  were  made 
in  means.  For  the  purjjoses  of  the  present  illustration, 
and  in  order  to  bring  the  entire  matter  into  a  form  con- 
venient for  general  inspection,  the  results  for  these  zones 
of  5°  were  condensed  into  zones  15°  in  width,  except  for 
the  polar  zones  of  which  the  radii  are  22°. 5. 

The  table  exhibits  in  the  first  column  the  name  of  the 
observatory.  In  the  second  column  is  found  the  estimated 
mean  epoch  of  observation  ;  in  the  third,  the  weights  which 
have  been  assigned  to  the  respective  catalogues  in  the 
fundamental  sense  in  this  investigation  asto^«, ;  in  the 
fourth,  the  weights  which  might  have  been  assigned  under 
more  strict  rules  of  selection  commented  upon  in  the  fore- 
going. The  line  of  numbers  for  each  catalogue  in  this 
latter  class  to  which  has  been  assigned  a  weight  of  two  or 
more  is  printed  in  full-faced  type.  For  the  respective 
zones  indicated  in  the  headings  of  the  succeeding  columns 
are  given  the  values  of  Jug  cos  8  derived  from  comparison 
of  the  observed  right-ascensions  of  the  various  catalogues 
with  the  computed  right-ascensions  of  the  standard  cata- 
logue in  the  sense,  observed  tninus  computed.  The  num- 
ber of  stars  on  which  each  comparison  rests,  and  the 
specially  assigned  fundamental  weights  (in  general  accord- 
ance with  those  of  the  third  column)  are  also  given.  As 
for  the  weights  in  the  differential  sense,  these  are  omitted 
for  economy  of  space.  The  corresponding  probable  error 
of  the  values  of  Ju^  cos  8,  to  which  any  weight  is  assigned, 
in  no  case  exceeds  ±0^01,  and  is  sometimes  nominallj-  very 
slightly  greater  than  ±0^001. 

For  the  generality  of  catalogues  of  a  date  later  than  1840 
the  nominal  differential  probable  error  in  the  principal 
zones  will  average  about  ±  0'.0025,  so  that  much  the  larger 
part  of  the  discrepancies  is  due  to  systematic  differences. 

The  residuals  for  Pulkowa  1875,  Greenwich  1894,  and 
Berlin  1895  have  been  modified  to  represent  the   respec- 
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tive  instrumental  meridians  in  the  manner  previously  ex- 
plained. 

Thus  the  quantities  Cor  C  (in  the  sense  Obs.  — Comp.) 
are  corrections  applicable  to  the  published  right-ascensions 
of  this  standard  catalogue  given  by  the  respective  cata- 
logues of  observation.  They  are  discordant ;  but  by  means 
of  the  weights  attached,  or  hy  means  of  those  in  the  fourth 
column,  or  through  any  other  system  of  weights,  we  may 
determine  in  each  of  the  zones  any  general  correction 
of  the  standard  catalogue  which  may  still  be  required. 
This  determination  I  have  effected  for  each  system  of 
weights;  and  the  results  are  exhibited  in  Table  IV.  It 
will  be  noticed  that  in  the  zones  for  —45°,  —60°,  and  —80° 
there  are  two  sets  of  values  of  Ju,  cos  8,  C"  and  C  The 
first,  C",  is  that  which  is  employed  with  the  attached 
weights,  and  C  is  employed  with  the  weights  of  the  fourth 
column.  The  latter,  C,  is  the  original  value  of  Ja,  cos  S 
resulting  directly  from  the  comparison.  C  was  formed  in 
the  following  manner.  After  solution  of  the  equations 
formed  from  the  values  of  C  (with  weights  attached)  in 
zones  —15°  and  —30°,  the  values  of  the  observed  quantities 
in  those  columns  were  corrected  for  the  concluded  values 
of  .J«„  and  Jjitj  obtained  from  the  solutions.  These  were 
trifling  in  amount  as  will  be  seen  from  the  results  in 
Table  IV.  Then  for  the  Southern  catalogues  their  errors 
of  the  form  Ja,  at  the  declination,  — 22°,  are  supposed 
to  be  known  from  the  means  of  the  c6rrected  values 
taken  from  zones  —15°  and  —30°.  The  close  circumpolar 
zone  was  supposed  to  give  another  value  of  these  at 
—  87°  in  which  some  confidence  may  be  felt,  since  the  dis- 
cordances in  the  various  independent  determinations  are 
exceeding!}-  small  as  will  be  seen  from  the  following  list 
of  them. 


Systematic  Polar  Deviations  Ja,  cosS  (0— C)  at  —87' 


Cape 

3.'i 

-0.001 

Cape 

76 

+  0.006 

Cape 

37 

-0.013 

Cordoba 

1 1 

+  0.001 

Cape 

59 

-0.001 

Melbourne 

77 

+  0.0(t7 

Melbourne 

62 

-0.006 

Cape 

85 

+  (1.001 

Melbourne 

67 

+  0.009 

Cape 

95 

-0.006 

The  further  computations  of  the  far  southern  zones  are 
conducted  under  the  supposition  that  the  corrections  due 
to  the  catalogues  of  observation,  supposed  to  be  known  at 
—  22°  and  —87°  from  superior  weight  of  material,  vary 
uniformlj-  between  these  points,  and  that  the  residuals.  C, 
after  removing  these  are  observed  corrections  to  tlie  system 
of  the  standard  catalogue. 

The  principle  adopted  in  this  course  is  empirical,  and  is 
based  upon  experience  with  the  values  of  Jh,  for  the  cata- 
logues of  the  northern  hemisphere.  If  the  correction,  C, 
is  comparatively  large  at  a  distance  of  20°  or  30°  from  the 
zero  usually  occurring  near  +10°  of  declination,  and  espe- 
cially if  in  that  region  it  is  found  to  be  increasing  toward 
the  pole  it  is  not  likely  to  change  sign  at  a  declination 
smaller  than  +75°,  or  +80°.  Under  such  conditions  the 
use  of  a  preliminary  interpolated  correction  is  much  more 
likely  to  decrease  the  peculiar  error  of  any  one  catalogue 
of  observation  than  it  is  to  increase  it.  On  the  other  hand 
if  the  original  value  of  the  correction  at  —22°  is  small  the 
others  are  not  materially  affected  by  this  process. 

Putting  the  matter  in  another  way,  our  procedure  gives 
us  in  the  values  of  C  approximately  those  which  would 
result  from  the  respective  series  of  observation  if  they 
should  be  recomputed  with  assumed  right-asceusions  of  tlie 
close  polar  stars  taken  from  the  present  catalogue,  and  of 
the  clock-stars  also  taken  from  the  same  source,  but  confined 
between  the  limits  of   —  7°.5  and   — 37°.5  of  declination. 


TABLE   IV. 

Solution    ok    Zoxe-Equ.vtioxs   to    Dktekmixk   Observed    Systematic  Corrections    of   the    I>ir.HT-AscExsioNs  of 

THE  Standard  Stars. 


.Solution  A 

Solul 

on  H 

Zone 

Juj  COS  8 

100  J/icosS 

Ja. 

100  J// 

Joj  cos  8 

100  Ju  cos  8 

Ja, 

UX)  J.u 

187.-> 

190() 

1S75 

1900 

+  80 

+  0*0004 

+o!ooi 

+  0*0035 

+  o!o06 

+  0.0010 

o'.ooo 

+  0*0058 

o!ooo 

GO 

+  0.0011 

+  0.001 

+  0.002(i 

+  0.002 

—  0.000 1 

-0.007 

-0.0038 

-0.014 

45 

+  0.0004 

-0.004 

—  O.OOOS 

-^0.00(1 

+  0.0033 

-O.OOS 

+  0.0020 

-0.011 

.■!0 

0.0000 

+  ((.002 

+  (),1HI(».". 

+  0.01»'_' 

+  0.0032 

+  0.011 

+  0.0037 

+  0.012 

+  15 

0.0000 

+  0.002 

+0.0004 

+  0.002 

+  0.0010 

+  0.006 

+  0.0025 

+  o.oor. 

0 

-0.0007 

-0.005 

-0.0019 

-O.0O5 

-0.0026 

—  0.009 

—0.0049 

—  o.oo;i 

-15 

+0.0006 

-0.003 

-0.0001 

—  o.oo;! 

+  0.0013 

-0.014 

—  0.OO22 

-0.014 

30 

+  0.0004 

+  0.008 

+  0.0029 

+  0.009 

-0.0010 

-0.002 

-0.0016 

—  0.002 

45 

-0.0005 

-0.007 

-0.0047 

-0.010 

-0.0069 

-0.028 

-0.0195 

-0.043 

60 

+  0.0050 

+  0.005 

+0.0126 

+  0.010 

-0.0018 

-0.013 

-0.0102 

-0.026 

-80 

+  0.0012 

+  0.003 

+  0.0109 

+  0.017 

-0.0003 

+  0.004 

+0.0040 

+  0.023 
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This  would  be  advantageous  only  under  the  supposition 
that  the  system  can  be  established  from  existing  obser- 
vations witli  verymueh  greater  weight  for  zones,  —15°,  and 
—30°  than  for  zones  further  south.  As  a  matter  of  fact 
the  computed  weight  for  zone,  —15°,  is  six  times  that  for 
—  45°.  Under  all  the  circumstances,  therefore,  I  think  the 
result  from  solutions  employing  the  values  of  C"  for  the 
southernmost  zones  is  greatly  to  be  preferred. 

The  results  for  all  the  solutions  are  presented  in  Table 
IV,  which  exhibits  under  the  designation,  "  Solution  A," 
those  in  which  the  attached  weights  (corresponding  to 
those  in  the  third  column)  were  employed;  and  also  under 
the  designation,  "  Solution  B,"  the  results  which  are  ob- 
tained when  the  weights  are  taken  from  the  fourth  column 
of  Table  III  under  a  more  rigid  criterion  as  to  the  inde- 
pendence of  catalogues. 

Upon  careful  consideration  of  this  question  with  the 
present  opportunity  for  reconsideration  after  the  compu- 
tations had  been  laid  aside  for  many  months,  it  seems  to 
me  that  the  results  from  Solution  A  are  to  be  preferred  not 
onl}'  as  to  the  far  southern  stars,  but  throughout.  From  the 
north  pole  down  to  — 15°  the  differences  in  the  results  from 
the  two  solutions  are  not,  however,  of  serious  importance. 

Probable  Error  of  the  System  as  to  Ja^, 
Regarding  the  discrepancies,  C  and  C  in  Table  III,  as 
due  entirely  to  systematic  differences  the  nominal  probable 
errors  of  the  system  as  to  Ja,  can  be  computed  for  the 
several  zones.  These  have  been  derived  for  Solution  A. 
They  are  shown  in  the  following  table  in  equatorial  seconds 
in  order  to  correspond  to  Table  III,  and  to  facilitate  the 
comparison  between  different  zones. 

(Probable  Errors)  X  (cos  8)  for 


Zone 

Mean  Ep. 

a,  ep. 

100/: 

a,  1900 

a,  175.5 

+  80 

1863 

±.0014 

±  '005 

±.0024 

±!006 

60 

1865 

.0021 

.009 

.0038 

.010 

45 

1866 

.0016 

.007 

.0028 

.008 

30 

1867 

.0012 

.005 

.0021 

.006 

+  15 

1867 

.0006 

.003 

.0010 

.003 

0 

1867 

.0007 

.003 

.0013 

.004 

-15 

1867 

.0009 

.004 

.0016 

.005 

30 

1872 

.0020 

.011 

.0036 

_ 

45 

1867 

.0033 

.016 

.0061 

_ 

-60 

1866 

.0035 

.017 

.0071 

- 

The  probable  errors  under  "«,  ep."  are  the  minima  for 
right-ascension  and  correspond  to  the  epochs  in  the  pre- 
ceding column.  Those  in  the  last  column  correspond 
equally  for  epochs  not  far  from  1975.  Zone  —80°  is 
omitted,  since  from  the  nature  of  the  computation  the  com- 
puted probable  errors  for  that  zone  would  be  much  too 
small.  The  probable  errors  for  zones  near  the  equator  are 
necessarily  small,  since  they  are  very  near  the  artificial 
zeros  of  Ja, . 


These  i)robable  errors  might  be  regarded  as  fair  indi- 
cations of  the  uncertainty  of  the  system  as  to  Ju,  could 
we  be  assured  that  the  weights  employed  in  Solution  A 
(Table  III)  are  sufSeiently  homogeneous.  AVe  have  the 
means  for  a  rough  test  of  this  point  in  the  residuals  for  the 
zones  +30°  +45°,  and  +60°.  From  these  I  find  as  the 
probable  error  of  the  unit  of  weight,  ±0'.013  computed 
from  67  residuals  having  weights  1  and  2;  while  from  45 
residuals  having  weight  greater  than  2  I  find  the  probable 
error  of  the  unit  to  be  ±0'.016.  This  agreement  is,  per- 
haps, as  good  as  could  have  been  anticipated  ;  and,  at  any 
rate,  it  is  good  enough  to  inspire  some  confidence  in  the 
realit}'  of  the  probable  errors  of  the  table  within  a  reason- 
able limit  of  uncertainty. 

The  entire  probable  error  of  the  system  would  depend 
upon  a  proper  combination  of  these  probable  errors  for 
Jug  with  the  probable  errors  appertaining  to  the  position 
and  motion  of  the  adopted  equinox.  It  would  be  very 
difficult  to  estimate  what  common  error  may  possibly  sub- 
sist in  all  the  observations  of  the  sun  for  right-ascension  j 
but  in  reference  to  the  centennial  motion  of  the  equinox  I 
think,  perhaps,  that  ±  0'.02  may  not  be  regarded  as  an 
underestimate  of  its  probable  error. 

In  basing  opinions  upon  probable  errors  like  these  it 
should  always  be  borne  in  mind  that  the  unfavorable 
chance  may  be  taken.  Mathematically  there  is  one  chance- 
in  five  that  the  true  error  will  turn  out  to  be  twice,  and 
one  chance  in  23  that  will  turn  out  to  be  thrice,  the  cor- 
rectly computed  probable  error.  Therefore,  aside  from  an 
error  which  may  be  common  to  all  the  right-ascensions, 
and  due  to  error  in  adopted  equinox,  and  assuming  that  our 
computations  of  probable  error  as  to  Aa^  are  fairly  well 
founded,  we  may  consider  that  there  is  small  chance  that 
the  systematic  error  as  to  Ja^  for  1900  in  our  right-ascen- 
sions is  numerically  larger  than  O'.Ol  sec  8  for  any  point 
in  the  northern  hemisphere,  or  larger  than  0^02  sec  8  for 
any  point  in  the  southern  hemisphere  ;  and  that  generally 
it  will  be  much  less. 

Systematic  Corrections  of  the  Form,  J'a,  tanS. 
Hitherto  in  our  discussion  the  correction  Ja^,  principally 
due  to  periodic  error  in  the  adopted  places  of  elock-stars,^ 
has  been  regarded  as  equally  appertaining  to  stars  at  all 
distances  from  the  equator,  as  if  it  were  the  sole  correction 
of  the  kind  which  is  needed.  But  it  is  evident  that  we  may 
have  an  additional  periodic  error  of  this  kind  due  to  im- 
perfection in  the  determination  of  polar  deviation  of  the 
transit.  In  general  this  error  could  be  represented  by  the 
expression,  z/'«„  tan  8.  For  some  of  the  catalogues  included 
in  the  list  of  Table  III  such  a  term  appears  to  be  sensible ; 
and  the  same  may  be  true  of  others.  For  example :  we 
have  made  a  thorough  comparison  of  Piazzi's  Catalogue 
with  the  present  standard.     Ja^  was  determined  precisely 
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in  the  same  manner  as  for  other  catalogues,  after  the  ap- 
plication of  a  preliminary  correction  for   la,.     We  have 

/«.  =  +0M1S  +0".002  sin«  -O'.OIS  cos  « 

The  individual  residuals  of  the  comparison  in  ([uestion, 
at  all  declinations,  were  then  freed  from  the  effect  of  both 
J(i,  and  .Jkj.  The  error  dependent  on  tan  8  was  then  sup- 
posed to  have  the  periodic  form  which  has  been  assigned  to 
Ju,  throughout  this  work.  The  solution  of  the  equations 
formed  in  the  three  zones  resulted  as  follows: 


Zone 


-42  to  -22 

0.3 

-1-30       +59 

1.0 

+  60  to  +89 

1.0 

—  0.114  sinrt  +0.046  cos« 
-0.068  +0.043 

-0.098  +0.054 


Adopted : 


-0.087  sin  «   +0.048  cos  a 


The  last  expression,  +0».099  sm  («+151°)  tan  5,  has 
been  adopted  as  a  supplementary  correction  of  Piazzi's 
right-ascensions.  The  use  of  it  greatly  improves  the  ac- 
cordance of  PiAzzi  with  other  authorities. 

Very  likely  a  periodic  term  of  the  form  adopted  may 
really  vary  quite  materially  from  the  true  form  of  the  cor- 
rection in  some  hours  of  right-ascension  ;  but  the  danger  of 
attempting  to  draw  a  curve  under  the  circumstances  seems 
to  me  to  hold  out  greater  possibilities  of  error  than  those 
which  attach  to  the  adoption  of  the  formula. 

The  method  of  computation  adopted  in  the  foregoing 
illustration  concerning  Piazzi's  right-ascensions  will  serve 
to  illustrate  the  procedure  with  other  catalogues.  It 
seemed  to  be  desirable  to  have  some  evidence  whether  such 
terms  have  existence  in  any  case.  For  this  purpose  the 
residuals  for  all  catalogues,  corrected  for  .7«,  and  Ja, ,  were 
divided  into  zones,  as  follows: 


+  79  to  +70 
+  6!)  to  +00 
+  r)9  to    +30 


-22  to  -50 
—  5 1  to  —  65 
-65  to   —79 


The  residuals  in  each  zone  w-ere  collected  in  weighted 
means  covering  in  each  instance  not  more  than  two  hours 
of  right-ascension.  Then  in  each  zone  the  means  were 
multiplied  by  mean  cotanS  for  that  zone;  afterward  the 
results  for  all  zones  were  combined  in  one  general  mean. 
When  it  was  clearlj-  seen  that  the  mean  residuals  in  the 
several  zones  indicated  no  decided  trace  of  a  periodic  law, 
either  in  common  or  separately,  no  further  discussion  of 
them  was  attempted.  Tlie  following  list  embraces  all  cata- 
logues for  which  it  was  considered  to  be  advisable  to  eval- 
uate a  formula  of  correction.  Those  marked  with  an 
asterisk  are  the  only  ones  which  appear  to  be  very  sensible 
in  relation  to  the  probable  error  of  determination. 

I  am  scarcely  prepared  to  recommend  any  of  these  for 
adoption  except,  perhaps,  tliose  for  Hadcliffe  57,  ^lelb.  62, 
and  Hrussels  65.  Dr.  Auweks  finds  a  very  decided  i)eriodic 
variation  for  Molb.  (i2  of  the  foriu,  ./'it,  tan  8,  applicable 


south  of  declination  —50°. 
fully  warranted. 


This  limitation  seems  to  be 


Corrections  of  the  Form,  J'a^lanS. 


Dorpat, 

24* 

(  —  0.014  sin  a 

—0.002  cos  rt)  Uu  8 

Greenwich, 

30 

-1-0.005 

+  0.007 

Cambridge, 

30 

-0.010 

+  0.010 

Madras, 

35 

-0.016 

+  0.005 

Greenwich, 

44 

-0.004 

-0.011 

Washington, 

56 

+  0.009 

-0.011 

Radcliffe, 

57* 

-0.007 

+0.024 

Paris, 

60 

-0.007 

+  0.005 

Melbourne, 

62* 

+  0.022 

+  0.023 

Greenwich, 

64 

+  0.006 

+  0.004 

Brussels, 

65* 

+  0.035 

-0.003 

Greenwich, 

72 

+  0.007 

-0.006 

Pulkowa, 

75 

-0.015 

+  0.005 

Harvard, 

75 

-0.003 

+0.005 

Strassburg, 

85* 

-0.008 

-0.004 

The  systematic  corrections  to  the  standard  catalogue  of 
right-ascensions  indicated  in  Solutions  A  (Table  IV),  are 
so  small  that  they  can  safely  be  neglected  at  present.  For 
their  improvement  it  is  desirable  that  the  several  observa- 
tories of  the  southern  hemisphere  in  possession  of  suitable 
instruments  should  devote  at  least  one  or  two  years  to  the 
observation  of  the  principal  and  secondary  standard  stars. 
So  far  as  possible  all  other  stars  down  to  the  seventh  mag- 
nitude, which  are  situated  between  —30°  and  the  southern 
pole,  should  also  receive  two  or  three  observations  each  on 
the  part  of  two  or  three  different  observatories.  For  clock- 
stars one  should  employ  the  principal  standard  stars  situ- 
ated between  +30°  <and  —22°  of  declination,  and  should 
determine  the  polar  deviations  of  the  transits,  where  practi- 
cable, from  successive  transits  of  close  polar  stars. . 

Several  observatories  of  the  United  States  and  of  South- 
ern Europe  should  likewise  make  special  observations  in 
the  southern  sky  upon  stars  down  to  the  seventh  magnitude, 
at  least,  working  from  —10°  or  —15°  of  south  declination 
to  a  zenith-distance  of  76°  or  77°.  It  would  facilitate 
future  investigations  of  systematic  error  if  the  observed 
right-ascensions  of  the  clock-stars  were  also  to  be  included 
in  the  respective  catalogues  for  those  nights  when  eight 
or  more  have  been  observed. 

Especially,  the  relation  of  instrumental  meridian  to  the 
meridian  of  the  standard  catalogue  from  which  the  clock- 
stars are  taken  should  be  determined  tiirough  preliminary 
computations;  so  that,  either  by  correcting  the  st^indard 
positions,  or  by  correcting  the  instrumental  results,  syste- 
matically consistent  clock-corrections  may  be  determined 
from  stars  in  widely  separated  parallels  of  declination. 
The  Pulkowa  Catalogues  for  1855  and  1875  furnish  good 
examples  of  this  method,  which  is  indispensable  to  the 
attainment  of  the  best  results.  The  neglect  of  this  pre- 
caution has  proved  a  serious  blemish  in  the  reduction  of 
several  valuable  series  of  observations. 
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THE   BENJAMIN   APTHOKP  GOULD  FUND. 

Applications  for  grants  of  money  in  aid  of  astronomical  investigation  may  be  made  by  letter  to  any  of  the 
Directors  undersigned  stating  the  amount  desired,  the  nature  of  the  proposed  investigation,  and  the  manner  in 
wiiicli  the  money  is  to  be  expended.     The  following  information  is  given  for  the  guidance  of  applicants. 

The  I{k.n.t.\min  Ai'thokp  Gori.i)  Fl'XI)  was  established  in  1S97  by  Miss  Alice  Baciie  Gori.D,  to  advance  the  science  of 
astronomy,  and  to  honor  Ihe  memory  of  her  fallicr  by  ensuring  that  liis  power  to  aecomplish  scientific  work  shall  not  end  with  his 
death.  The  principal  is  $20,(X)0,  vested  in  the  National  Academy  of  .Sciences  as  Trustee.  The  income  is  to  be  administered  by  the 
undersigned  and  their  successors  to  assist  the  prosecution  of  researches  in  astronomy. 

In  recognition  of  the  fact  that  during  Dr.  Gould's  lifetime  his  patriotic  feeling  and  ambition  to  promote  the  progress  of  his 
chosen  science  were  closely  associated,  it  is  preferred  that  the  Fund  should  be  used  primarily  for  the  benefit  of  investigators  in  his 
own  country  or  of  his  own  nationality.  But  it  is  further  recognized  that  sometimes  the  best  possible  service  to  American  .science  is 
the  maintenance  of  close  communion  between  the  scientific  men  of  Europe  and  of  America,  and  that  therefore,  even  while  acting  in 
the  spirit  of  the  above  restriction,  it  may  occasionally  be  best  to  apply  the  money  to  the  aid  of  a  foreign  investigator  working  abroad. 

In  all  cases  work  in  the  astronomy  of  precision  will  be  preferred  to  work  in  astrophysics,  both  because  of  Dr.  GouLii's  especial 
predilection  and  because  of  the  present  existence  of  generous  endowments  for  astrophysics. 

Finally,  the  Be.n.iami.n  Aptiioiu'  Gould  Fiind  is  intended  for  the  advancement  and  not  for  the  diffusion  of  scientific  knowledge, 
and  is  to  be  used  to  defray  the  actual  expenses  of  investigation,  rather  than  for  the  personal  support  of  the  investigator  during  the 
timf  of  his  researches,  without  absolutely  excluding  the  latter"  use  under  exceptional  circumstances. 

In  addition  to  the  above  call  for  applications  the  Directors,  desiring  to  stimulate  the  participation  of  American 
astronomers  in  the  attempt  to  bring  up  the  arrears  of  cometary  research,  renew  tile  offer  to  them  of  the  sum  of  $500 
for  computation  of  the  "definitive"  orbits  of  comets  (see  list  in  A.J.  A93,  p.  104) ;  this  sum  to  be  distributed  at 
the  average  rate  of  $100  for  each  computation,  —  the  amount  to  vary  according  to  the  relative  difficult}-  of  the 
computation,  and  to  be  determined  by  the  Directors  of  the  Gould  Fund. 

.      .  LEWIS  F.OSS,       SETH  C.  CHANDLER,       ASAPH  HALL. 


Date 
1902  July 
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11 
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14 
16 


OBSERVATIONS   OF  THE   DECLINATION   OF    VESTA, 

MADE    WITH   THE    5-INcn    VEUTICAL   CIRCLE,    AT   TUE   t'.S.  NAVAL   OBSERVATOKY, 


Bv  GEORGE  A.  HILL. 
[Communicated  by  Capt.  C.  M.  Ciiestei;,  U.S.X. 


13 
12 
12 
12 


4  45 

50  14 
35  36 
20  52 


12  11  2 

12     6  6 

11  56  15 

11  26  50 


Obs'd  Decl. 

-22°  14  17.7 
22  34  37.1 

22  54  56.6 

23  15  8.8 
23  28  24.3 
23  35  0.8 
23  47  55.9 

-24  25     0.5 


O  — C 

+  2".  5 
+2.0 
+  3.5 
+  2.8 
+  4.0 
+  1.5 
+  3.7 
+  1.9 


Date 
1902  Aug. 


Superintendent.] 

Wash.  M.T. 

3  10"  29"  27' 

r       10  11    6 

2  8  56  38 


Obs-d  Decl. 

-25  27  57.5 

25  45     4.7 

-26  31  1G.8 


O  — C 

+  0T 
-1.8 
-1.0 


These  places  are  corrected  for  parallax,  and  the  compari- 
son in  the  last  column  has  been  made  with  the  ephemeris 
of  Vesta,  as  published  in  the  British  Nautical  Almanac  for 
1902. 


OBSERVATIONS  OF   THE   RIGHT-ASCENSION   OF    VESTA, 

M.\DE   WITH    THE   .5.3-INCH   TRANSIT   INSTRUMENT   AT   THE    U.S.  NAVAL    OBSERVATOKY, 

By  EVERETT  I.  TOWELL. 
[Communicated  by  Capt.  C.  M.  Chester,  U.S.N.,  Superintendent.] 


The  clock  correction  was  obtained  from  a  group  of  four 
clock  stars,  level  and  collimation  by  reversal  over  the 
mercury,  both  before  and  after  the  series ;  azimuth  from 
A.  Ursae  minor  is  or  51  H  Cephei  s.p.  The  residuals  0— C 
have  been  obtained  by  direct  comparison  with  the  ephem- 
eris in  the  British  Nautical  Almanac  for  1902. 


Date 

Clamp 

Observed  R.A. 

0  — C 

2  July     2 

E 

19  46      6.15 

+  4.31 

11 

E 

37  35.04 

+4.38 

16 

W 

32  36.96 

+  4.35 

22 

E 

26  45.81 

+  4.40 

31 

W 

19  18  49.99 

+  4.27 

Date 

1902  Aug 


Clamp       Observed  R.A. 


Sept. 


Oct. 


IS 

21 

29 

4 

13 

16 

27 

29 

3 

9 

12 

25 


E 
W 
E 
W 
E 
W 
E 
W 
E 
W 
E 
E 
E 


19  13  53.57 

9  6.41 

8  29.91 

8  22.68 

9  42.42 
13  52.02 
15  47.36 
24  52.46 
26  50.64 
31  2.76 
37  57.87 
53  41.00 

19  59  23.62 


O  — C 

+  4*12 
+  3.81 
+  3.69 
+  3.54 
+  3.37 
+  3.15 
+  3.07 
+  2.76 
+  2.78 
+  2.69 
+  2.53 
+  2.36 
+  2.26 
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OBSERVATIONS  OF   COMET  cZ  1902  (giacobini), 

MAKE    WITH    26-INCU    REFKACTOK    OK   THE    LEANDEH    MCCOHMICK    OUSEKVATOISV,    UXIVEHSITV   OF   VIKGISIA, 

By  J.  P.   McCALLIE. 


1902  Charl.  M.T. 

* 

Comp. 

Ja 

j8 

App.a 

App.  8 

log  pA                        .  .\pp.  PL 

Dec.  5     13"  10"  2 
«      7     13  29  52 

1 
2 

8,6 
8,7 

+  2"'32!80       -4'    4^5      7''l6'"49'74       -1°  32' 54^3    n9.149 
+  1  13.69       -0  24.8  !  7  16  10.34       -1  14  48.4    718.8IO 

9.746     +4!33-12!7 
9.744      +4.36-13.1 

Mean  Places  of  Comparison- Stars  for  1902.0. 


* 

a 

a 

Authority 

1 

2 

7  14  12.61 
7  14  52.29 

-1  28  37.2 
-1   14  10.5 

Paris  III,  9000 
IManchen,2474 

.\pproximate  corrections  for  refraction  have  been  applied. 

In  my  obsers'ations  of  Comet  6  1902,  in  A.J.  533,  p.  57,  the  values  of  logpA  in  R.A.  were  given  in  arc  instead  of  in  time,  so  that 
log  15  should  be  subtracted  from  them  throughout. 

Charlottesville,   Va. 


OBSERVATIONS  OF  MINOR  PLANETS, 

MADE   AT  TUK    VASSAR    COLLEGE  OBSERVATORY, 

By  MART  W.  WHITXEY  and  CAROLINE  E.  FURNESS. 


1901-2  Greenw.  M.T. 

* 

Comp. 

Ja 

JB 

App.  a. 

App.  8 

log  pA             Red.  to 

App.  PL 

(354)      Eleanora. 

Nov.    8 

IG 

17 

3 

1 

12,6 

+  0 

45.26 

+ 

2     6.6      5  41  16.90 

-   1 

37     7.9 

n9.511 

0.776    +4.28 

+    1.1> 

20 

16 

8 

30 

2 

10,4 

-1 

11.50 

— 

1     8.6      5  34  57.27 

9 

22  39.3 

W9.414 

0.783    +4.54 

0.0' 

21 

15 

29 

24 

2 

8,4 

-1 

51.05 

— 

3  45.8      5  34  17.73 

2 

25  16.7 

»9.492 

0.782    +4.55 

-  0.2' 

Dec.     5 

16 

o 

52 

3 

4,4* 

-0 

16.94 

+ 

1  39.6      5  23     4.39 

i> 

40  39.9 

H9.173 

0.788    +4.79 

-    1.3' 

(82)     Alkinene. 

Dec.  18 

15 

25 

56 

4 

12,6 

-0 

55.68 

_ 

4  10.0 

7     5  49.65 

+  27 

19     8.3  1  tt9.519    0.468  '  +5.81 

-16.7' 

Jan.  11 

15 

29 

33 

5 

10,8* 

-0 

22.20 

_ 

6     1.9 

6  42  37.19 

+  28 

6  18.5'  «8.998    0.324    +2.50 

-  9.5» 

13 

14 

36 

16 

6 

10,8 

-0 

41.05 

- 

10     0.3 

6  40  43.72 

+  28 

7  52.3  ,  «9.280    0.358  |  +2.50 

-  9.3' 

(356)     Liijurui. 

Jan.  25 

14 

28 

13 

7 

8,8* 

-0 

37.85 

_ 

4  10.7 

7     9  39.58 

+35 

24     7.3    «9.263 

0.066  ]  +2.74 

-   9.7' 

28 

14 

0 

58 

8 

6,4 

+1 

44.96 

+ 

2  58.2 

7     7  13.59 

+  35 

11  49.5    ri9.325 

0.105    +2.71 

-  9.1' 

.•iO 

13 

31 

48 

9 

8,8* 

-0 

13.60 

+ 

5  34.6 

7     5  45.52 

+  35 

2  54.9    «9.404    0.158  i  +2.69 

-  9.0' 

(17)     Thetis. 

Jan.  27 

14 

15 

23 

10 

8,8* 

+0 

28.12 

+ 

0  24.5 

7  55  36.04  1  +20 

5  17.5 

H9.402 

0.554 

+  2.44 

-13.4' 

30 

14 

52 

52 

11 

8,8* 

+0 

3.27 

— 

5  33.7 

7  52  37.19  1  +20 

19  25.7 

;i9.195 

0.522 

+  2.44 

-13.1' 

Feb.     3 

14 

4 

25 

13 

7,9* 

-0 

27.86 

+ 

4  12.2 

7  48  52.25  '  +20 

37  22.4 

»i9.326 

0.531 

+  2.45 

- 13.2' 

4 

13 

49 

55 

14 

7, -J 

+  2 

44.89 

+ 

1   16.9 

7  47  58.46     +20 

41  37.5 

;i9.361 

0.536 

+  2.46 

-13.1' 

5 

12 

30 

28 

14 

12,6 

+  1 

54.46 

+ 

5  19.8 

7  47     8.04  i  +20 

45  40.4 

«9.544 

0.591 

+  2.47 

-13.1' 

(347)     Farlana. 

Feb.     4 

15 

0 

48 

15 

8,8* 

+  0 

22.69 

_ 

5  33.6 

9  10  57.15 

+  32 

9  38.6 

;i9.442 

0.294    +2.56 

-15.7' 

/-, 

14 

47 

35 

15 

8,8* 

-0 

35.45 

+ 

2  45.2 

9     9  59.02 

+  32 

17  57.5 

H9.467 

0.306    +2.57 

-15.6' 

10 

15 

37 

8 

17 

7,4 

+1 

9.90 

_ 

5  29.0 

9     5     5.04 

+  32 

56     5.6 

H9.150 

0.161  1+2.62 

-14.8' 

11 

12 

46 

5() 

17 

8,8* 

+  0 

19.71 

+ 

0  27.6 

9     4  14.S5 

+  33 

2     2.8 

h9.645 

0.469 

+  2.62 

-14.7' 

14 

14 

21 

19 

18 

10,8 

+1 

23.76 

+ 

3  49.1 

9     1  21.69 

+  33 

21     5.3 

»i9.41S 

0.238 

+  2.64 

-14.2' 

15 

12 

41 

50 

IS 

10,8 

+  0 

33.23 

+ 

9     4.8 

9     0  31.16 

+  33 

26  21.0  1  H9.62S 

0.534 

+  2.64 

-14.2' 

(68)     Leto. 

Mar.  10 

16 

5 

44 

19 

8,9* 

+  0 

16.79 

_ 

9  30.3'  11   12  13.39    +15 

48  51.5 

n9.001 

0.5SS 

+  2.46 

-17.0' 

14 

16 

9 

32 

20 

4 

+ 

1  12.6  1       ....        +16 

3  50.6 

0.580 

-16.8' 

14 

16 

17 

10 

20 

8     • 

-0 

29.38 

.    .    .    ,  11     8  49.16 

nS.601 

+  2.47 

1 

18 

15 

9 

20 

21 

10,8 

+  0 

57.89 

7     1.7  1  11     5  33.27     +16 

16  39.1    n9.134 

0.585 

+  2.50 

-16.7* 
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1902  Greenw.  M.T. 

* 

Comp. 

Ja 

Jh 

App.a 

App.  S 

logpA 

Red.  to  App.  PI. 

(103)     Bera. 

Mar.  18  Ui  27  33 

22 

8,8* 

+  0  11.05 

-   2  53.3 

12  28  50.98     +  3  24     0.3    n9.145    0.738    +2.52   -15.9» 

25  16     1  20 

23 

10  ,  5* 

+  0     0.61 

-   3  34.1 

12  23  19.64    +  4  10  30,8  ^  «9.105    0.730    +2.55   -16.0' 

26  15  44  23 

23 

12,  (i 

-0  47.00 

+   2  54.3 

12  22  32.03     +   4  16  59.2    «9.175    0.730    +2.55   -16.0' 

(393)     Lampetia. 

Apr.  24  15     5  40 

24 

5,6* 

-0     4.50 

+  0  41.5 

11  39  27.18 

-  7  32    8.4 

8.882 

0.823 

+  2.52    -18.7' 

May    8  15  51     1 

25 

5,5t 

+  0  37.64 

-  5  14.2 

11  35  26.39 

-   5  33  52.4 

9.416 

0.802 

+  2.37   -18.2> 

9  14  27  42 

25 

8,8 

+  0  31.34 

+   1  44.0 

11  35  20.08 

-   5  26  54.2 

9.091 

0.808 

+  2.36   -18.2> 

*  Ja  measured  directly. 

t  Observation  made  with  square  bar  micrometer. 


'  Maky  W.  Whitney,  Observer. 
-  Caroline  E.  Fukness,  Observer. 


Mean  Places  of  Coinjtarison- Stars  for  the  beginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

5  40  27.36 

-  1 

39 

15.6 

Nicolajew  A.G.  1464 

14 

ii 
7 

45  11.11 

+  20  40 

33.7 

Berlin  B,  A.G.  3144 

2 

5  36     4.23 

_   2 

21 

30.7 

Schjellerup  1879 

15 

9 

10  31.90 

+32  15 

27.9 

Leiden  A.G.  3809 

3 

5  23  16.54 

_   2 

42 

18.2 

Strassburs;  A.G.  Zones 

16 

9 

2     5.65 

+  32  56 

7.3 

Leiden  A.G.  3763 

4 

7     6  39.52 

+  27 

23 

35.0 

Camb.  Eng.  A.G.  3815 

17 

9 

3  52.52 

+  33     1 

49.9 

Micr.  Corap.  with  *16 

5 

6  42  56.89 

+  28 

12 

29.9 

Camb.Eng.  A.G.  3509 

18 

8 

59  55.29 

+  33  17 

30.4 

Leiden  A.G.  3750 

6 

6  41  22.27 

+  28 

18 

1.9 

Camb.Eng.  A.G.  3492 

19 

11 

11  54.14 

+  15  58 

38.8 

Bonn  VI 

7 

7  10  14.69 

+  35 

28 

27.7 

Lund.  A.G.  3767 

20 

11 

9  16.07 

+  16     2 

54.8 

Berlin  A,  A.G.  4390 

S 

7     5  25.92 

+  35 

9 

0.4 

Lund.  A.G.  3736 

21 

11 

4  32.88 

+  16  23 

»t  .o 

Berlin  A,  A.G.  4369 

9 

7     5  56.43 

+  34 

57 

29.3 

Lund.  A.G.  3740 

22 

12 

28  37.41 

+   3  27 

9.5 

Albany  A,  G.  4512 

10 

7  55     5.48 

+  20 

5 

6.4 

Berlin  B,  A.G.  3212 

23 

12 

23  16.48 

+   4  14 

20.9 

Albany  A,  G.  4493 

11 

7  52  31.48 

+  20 

25 

12.5 

Berlin  B,  A.G.  3194 

24 

11 

39  29.16 

-  7  32 

31.2 

Munich  I  7151 

12 

7  48  26.38 

+  20 

26 

10.7 

i[BonnVI+Yar.  3280] 

25 

11 

34  46.38 

-  5  28 

20.0 

Munich  I  7045 

13 

7  49  17.66 

+  20 

33 

23.4 

Micr.  Comp.  with  *12 

SEARCHmG  EPHEMERIS   FOR   APPEARANCE   IN   1903   OF   COMET   1806  Y, 

[Abridged  from  M.  Ebei.i."s  communication  in  ^..V.  3848.] 


Berlin  M.T. 

Assumed  Per.  Pass.  June  6.5 

Assumed  Per.  Pass.  .Jime  22.5 

Assumed  Per.  Pass.  July  S..5 

a 

8 

Br. 

a 

8 

Br. 

a 

8 

Br. 

I'jos 

h       III 

O            1 

ll       ni 

O             / 

h       lu 

O            f 

Apr.     3.5 

21  24.5 

-  5  50 

0.86 

20  55.0 

-   7  14 

0.83 

20  25.3 

-8  32 

0.79 

11.5 

21  17.6 

-   5  20 

0.95 

19.5 

21  40.5 

-   3  17 

1.09 

27.5 

22     3.7 

-   1     7 

1.23 

May     5.5 

23     0.3 

+   2  44 

1.29 

22  27.1 

+   18 

1.39 

21  51.7 

-0  32 

1.50 

13.5 

22  50.8 

+   3  24 

1.55 

21.5 

23  14.7 

+   5  41 

1.72 

29.5 

23  38.7 

+   7  54 

1.88 

June    6.5 

0  37.6 

+  11     5 

1.77 

0     2.8 

+  10     1 

2.03 

23  23.2 

+  8  43 

2.46 

Unit  of  brightness  assumed  as  for  1S97  January  4,  when  last  seen.     At  discovery  in  1896  it  was  11"-12"  (Br. 


2.93). 
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Observations  of  Minor  Planets,  by'  M.\ry  W.  Whitney  .\^nd  Caroline  E.  Fvrness. 
Searching  Ephemeris  foe  Appearance  in  1903  of  Co.met  1896  V,  by  M.  Ebell. 
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NEW  FORMULAS  FOR   FINDING    THE  ]SIEAN  ERROR  OF  AN   OBSERVATION 

AND   SOME   LIKELY  ERRORS   OF   THE   MOST   PROBABLE  VALUES   OF 

THE   UNKNOWN   QUANTITIES  IN   INDIRECT   OBSERA'A  IIONS. 

By  J.  MIDZUHAKA. 


W'nen  a  limited  number  of  observation-equations  con- 
taining independent  unknown  quantities  is  given,  it  is 
usual,  iu  finding  the  mean  error  of  the  single  observation, 
to  adopt  the  well  known  formula  of  Gauss,  which  is  said 
to  be  best  approximative  ;  but  whether  it  is  truly  approxi- 
mative or  not  may  be  questioned,  for,  it  was  not  the  result 
of  the  comparison  with  the  true  one.  I  have  lately  spent 
much  time  on  the  discussion  of  this  point,  and  finally 
conceived  a  formula  sensibly  different  from  that  of  Gauss  ; 
and  as  the  consequence  of  this  discussion  I  have  also  found 
formulas  giving  some  likel}'  errors  (I  have  adopted  this 
name  to  distinguish  from  the  word  "  probable  error  "  in  the 
usual  'meaning)  of  the  most  probable  values  of  the  unknown 
quantities.  The  details  of  the  results  of  this  discussion 
are  as  follows. 

1.  Notation.  It  is  to  be  noticed  that  in  the  present 
paper  I  have  adopted,  for  the  most  part,  the  notation 
described  in  the  Spherical  and  Practical  Astronomy,  Vol.  H, 
by  Chauvenet,  except  some  few  parts  which  will  be  espe- 
cially explained  as  occasion  requires. 

2.  On  a  Substitution  of  Mean  Value  for  the  True  One. 
The  square  of  the  true  error  of  [an"]  is  [atiY,  and  the  square 
of  its  mean  error  [</«] «- ;  the  system  of  sudi  relations  will 
be  expressed,  for  shortness,  by  saying  that  •'  the  mean 
value  of 

\[nuY  ±  [l,uY±  .  .  .  .j  is  equal  to  [a(7]t'±  [W;]t^±  .  .  .  ." 

The  expression  which  we  have  now  to  determine  is 

(A)  [a?/]  Jx  +  [6«]  •-/.'/  +  [<•"] .J-  + 

and,  remembering  that  (for  example) 

moan  v.alue  of  [au]  [Am] 

,  \(a+b)uY  -  raM]"-rAK"|» 
=  mean  value  of  i^^ —^ ;^ — - — - — — 

it  may  be  easily  seen  tiiat  the  moan  value  of  every  term  of 


the  expression  (A)  is  c",  which  has  been  substituted  for 
the  true  by  Gauss;  but  since  the  ratios  of  the  different 
functions  of  the  errors  to  the  corresponding  mean  values 
are  not  necessarily  constant  (see  Art.  3  and  last  part  of  Art.  5), 
it  is  possible  that,  even  if  auj'  function  of  the  errors  be 
identical  with  that  mean  value,  yet  another  function  of  the 
errors  can  not  be  considered  so ;  that  is  to  say,  there  must 
be,  sometimes,  a  better  value  than  the  mean  to  be  substi- 
tuted for  the  true  one.  On  this  account  I  shall  now  dis- 
cuss by  what  expressions  the  functions 


[auY  ,  [i»]- 


['■"]=  .  .  .  .  , 


[«»][-■«]  .  [6«]M, 


of  which  the  expression  (A)  is  composed,  must  be  substi- 
tuted. It  is  sufficient  to  consider  the  case  of  three 
unknown  quantities. 

3.     Discussion    of  the    Functions    [«''3"  ,    [/'"]'  ,    [<■"]' 
and    [«"]  [i»]  )  [«"]  ['*"]  I  ['"']  [<■"]• 
Let  us  suppose  that 


and 

then  we  may  put 


[na]   =   [66]    =   [re] 
[auy  >   [buy  >   [c«]' 


[auy  =  (.1  +  Zf)  [aa]t-  =  (A'  +  B')  laa^c 
[buy  =  (A-B)  [«rt]t»  =  {A'  +  B')lMt]t* 
lci,y  =(.■!'- 7y')[f/rt]t'  =(.-l"-.B')[na]c' 


and  therefore 


[(!«]  [/»(/]  =  ±  V-l*— B^  [aa]{' 
[««]  [ri<]  =  ±  ^A'^—B''  [aa}!.^ 
[/>«]  [cm]  =   ±  V.J "—«"['»«]«■ 


(1) 
(2) 
(3) 


(4> 
(5) 

(6) 


where     A,  A' /•'.   />",  .  .  . 

tive  numbers.     Now,  if  wo  put 


are  indeterminate  posi- 
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(7) 
(8) 
(9) 

we  get 
(10) 

(11) 


[an]  [hu]  =  A  ./[aZ.]t»* 
[att]  [c«]  =  A'.f\ac-]t> 
[bu]  [cu]  =  A".f[bc-\^ 


1  + 


J-(^)'il'-J-(^)'i'"'-' 


1  + 


H'^. 


A 


■JKMlKMSIli!!^ 


■J' 


1+  [1. 

wliich,  if  we  liave 

(12)  [_ab]  =  [ac]  =  [/«•], 

give  f\_ab']  =  /[ac]  =  /[if]  =   ±  [««]  ; 

and  since,  for  instance,  we  may  change  the  values  of  [aJ] 
and  [ac],  without  changing  the  value  of  [be'],  in  the  equa- 
tions (12),  and  moreover  the  latter  may  be  any  value 
between  zero  and  [aa],  for  all  possible  values  of  [ab],  [ac'] 
and  [br]  we  must  always  have 

f[hr]  =    ±[aa], 
and,  by  the  same  reasoning, 

f[ab]  =  f[ar]  =    ±  [aa]. 
Therefore,  from  (1),  (2),  (7)  and  (10),  we  must  also  have 

[an]-  =  [I'u]'  =  [«"]'  =  '^  [aa]  e^ 

=  A  X  mean  value  of  [auy  =  &c. 


(13) 
and 
(14) 


±[aM][ci«]  =    ±[ftM][c?f]  =   ±A[aa](.- 
=  ±'     ,_,-^  X  mean  value  of  rawl[5Ml  =  &c. 

[lib] 

It  is  easily  seen  that  we  can  not  adopt  the  following  assumption  : 

[f(u]  [bu]  =  A  [ab]  ^- 
[a«]  [cu]  =  ^-l'[ac]f- 
[bu]  [cu]  =  A"  [be]  i^ 
For  let  us  consider  the  following  particular  case  : 


(■)' 
(S)' 
(9)' 
as  that  of  Gauss. 

+1 
+  1 
+1 


+1 
+1 
+1 
+  1 


+1 
+1 
—  1 
—1 


[ab]  =  J  [aa] 

[ac]  =  l[aa] 
[be]  =  0 


[be]  =  0 
(9)'  we  have  [cu]  =  0 


(8)' 
(3) 
(1) 
{')' 
(1) 
(2) 


A'  =  0 
B>     =  0 

[au]  =  0 
^  =  0 
B     =  0 

[bu]  =  0 


Thus,  in  order  that  the  hypotheses  (")',  (8)',  (9)'  shall  be  true,  we 
must  have   [au]  =  [bu]  =  [cu]  =  0   which  can  not  be  accepted. 


which  show  that  the  ratios  of  [auY,  &e.,  to  their  mean 
values  are  not  the  same  as  those  of  [an]  [6«],  &c.,  to  the 
corresponding  mean  values.  The  ambiguous  signs  of  the 
expression  of  [««]  [bu]  (for  instance)  may  be  determined  by 
the  following  consideration.  Let  us  transform  the  expres- 
sion 

\hu\ 

[aii\ 

bv  substituting  mean  values  for  true  ones,  as  follows : 


[au]  [au]-  [aa]  t^         [aa] 

[bu]   _       [buY       _   [bU]^  _  [oo] 
t^  ~    [au][bH]  ~    [i^Je'  ~    [ab] 


(15) 
(16) 


then  comparing  both  the  results  it  is  evident  that  the 
result  (15)  generally  gives  a  less  value,  and  the  result  (16) 
a  larger  one,  showing  again  that  the  ratios  of  the  different 
functions  of  the  errors  to  the  corresponding  mean  values 
are  not  necessarily  constant;  but  each  of  them  determines 
the  sign  of 

[bu] 

[au] 

to  be  identical  with  that  of  [ab],  and  the  geometrical  mean 
of  them  is  equal  to  unity ;  therefore  we  have  probably 

[bu]  _   [ab] 
[au]  ~   [ab\ 


(1') 


[au][bn]  = 


A [ab] [aa] i 

PIT" 


(18) 


where  [ab]^  denotes  the  numerical  value  of  [ab].  Now, 
since  the  above  results  come  from  the  supposition  that 

to  apply  them  for  the  practical  purpose  we  must  first  trans- 
form the  observation-equations  so  that  the  transformed 
equations  have  the  relation 

[aa]  =  [bb]  =  [cc] 

as  may  be  easily  effected  in  the  following  manner. 

■4.  Transformation  of  the  Observation-Equations.  If 
the  series  of  the  coefficients  a,  b,  c,  of  the  un- 
known quantities  x,  y,  x, in  the  observation- 
equations  be  multiplied  by  constant  quantities  Z,,  L„, 
Zg, such  that 

[aa]  LI  =  [bb]  LI  =  [cc]  Lj  = 

and,  at  the  same  time,  the  unknown  quantities  be  divided 

by  the  same  constants     L^,  L^,  L^, respectively, 

then  it  is  evident  that  the  new  values  of  [vv],  [uu],  and  of 
[au]/lx,  [bu]/lij,  [cu]Jg, ,     are  the  same  as  those 
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of  the  original  equations,  and  the  new  values  of  [oa],  [66], 
[fc],  ....  now  become  [aalL-,  [W<] />: ,  [cc]  L5,  .  .  .  .  , 
all  of  which  are  equal.  In  the  following  article  it  is  to  be 
understood  that  we  have  always  treated  of  such  trans- 
formed equations,  tliough  their  notations  are  not  dis- 
tinguished between  the  new  and  the  old  equations. 
Now,  before  we  consider  the  expression 

[au]Jx  +  lbu]Ji/  +  [cii^Jz  + 

in  the  general  ease,  it  is  more  convenient  to  first  treat  the 
case  of  two  unknown  quantities ;  for  it  is  very  simple  and 
the  results  of  its  discussion  may  be  extended  to  the  general 
case  almost  by  similar  considerations. 

5.  Determination  of  the  Mean  Error  of  an  Obseroation 
and  Some  Likely  Errors  of  the  Most  Probable  Values  of  the 
Unknown  Quantifies  when  the  Observation- Eq nations  con- 
tain Tivo  Unknown  Quantities   x    an'd   y.     By  solving 


<19) 

we  have 

(20) 

and  therefore 


{aa\  dx.  +  [«6]  Ay  =  [ok] 
\ab\  /Ix  +  [66]  Jy  =  [6//] 


[a«][66]-[6»][«6] 
[aa]  [66]  -  [«6]» 


[6«]  , 


(20') 


[«h] Jx  = 


[r,a]^  -  labY 


.  which,  being  transformed  by  the  equations  (17)  and  (13), 
becomes 

(21)  laii^dx  =  *■     i  \  -*  r  h-,,"^ 

^     '  ^     ■'  [aaj-  —  [«6]' 


(22) 


1  + 


M. 

["«] 


By  the  same  reasoning  we  have  tlie  same  expression  of 
[6k]  Jy,  and  therefore  we  have 

(23)     /  m  - 


2A 


1  + 


Now  from  this  result  it  is  to  be  observed  that  if  we  put 
A  =  1  and  ["6]^  =  0  then  the  equation  (23)  is  identical 
with  that  of  G.vuss ;  and  as  the  value  of  [cb]^  increases, 
the  denominator  of  t'  gradually  increases;  when  the  value 
of  [«6]j  becomes  a  maximum  (for  instance  the  case  in  which 
a'  =  6',  a"  =  6",  a'"  —  6'",  &c.),  it  becomes  the  same  form 
as  that  in  the  case  of  the  single  unknown  quantity,  which 
coincides  with  the  practical  condition  since  in  that  case 
X  +  y  may  be  considered  as  the  single  unknown  (piantity. 


I  shall  now  consider  some  likely  values  of  Jx  and  Jy. 
Let  us  first  consider  the  rigorous  expressions  of  Jx,  Jy. 
Jx  +  Jy,  as  follows : 

[au'\  [66]  -  [6k]  [a6] 
[aaJ-  —  [/'by 


Jx  = 


_   [6M][aa]-[gM][a6] 
•^  ~  [aay  -  lab]' 

Jx  +  Jy  = 


[a»]  +  [6k] 


(24) 
(24)' 
(24)" 


Now,  since  [</«]  =  [66],  it  is  quite  probable  that  the 
first  terms  of  the  expressions  of  Jx  and  Jy  are  larger 
than  the  second  terms  of  them  respectively,  and  therefore 
the  signs  of  Jx  and  Jy  must  be  the  same  as  those  of  [a»] 
and  [6m]  respectively  ;  but  when  the  value  of  [nfi]  is  posi- 
tive and  not  small,  it  being  quite  probable  that  ["k]  and 
[bii]  have  the  same  signs,  Jx  and  Jy  must  then  have  the 
same  signs,  so  that  they  vary  with  Jx  +  Jy;  therefore, 
since  it  is  evident  from  the  above  equation  (24)"  that 
Jx  +  Jy  cloes  not  increase  infinitely  as  the  value  of  [a6] 
increases,  the  values  of  Jx  and  Jy  must  also  be  so;  this 
evidently  proves  that 


mean  error  of  r  = 


mean  error  of  </  = 


V [00] ( 


N/[a«]--  [06]- 
V[66ji 


^[aay  —  ["6]- 

are  not  approximate  values  of  Jx  and  Jy  respectively,  for 
they  gradually  increase  as  the  value  of  [afc]  increases,  and 
finally  become  infinity  when  [a6]  =  [«a].  Indeed,  the 
most  likelj'  values  of  Jx  and  Jy  will  be  obtained  in  the 
following  manner;  viz., from  the  equation  [21]  we  have 
immediately 

[„K]}[aa]-[ad],| 
\_aay  -  [«6]' 

[««] 


Jx  = 


[««]  +  [«6], 


(25) 
(26) 


where     [««]  =  V.f[(j«]t.     By  the  same  reasoning 

Therefore,  adding  (2G)  to  (27)  we  have 
_  [,i«]  -t-  [6k] 


Jx 


■iy 


[<"']  +  ["H 


^27) 


(28) 


which  is  identical  with  the  rigorous  equation  (24)'.  It  is 
also  to  be  noticed  that  by  comparing  the  value  of  Jx  in  the 
equation  (2G)  with  the  mean  value  of  it  we  have 

(./.r)'  =  (["«]  -  ["^L)  •'  y^  ujea„  value  of  (Jx)« 
[att]  +  [at], 
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which  shows  that  the  ratio  of  {Jx)"  to  its  mean  value  is  a 
function  of  [^ab\. 

I  have,  now,  to  cousider  the  general  case. 

6.  Determination  of  the  Mean  Error  of  an  Observation 
and  Likely  Errors  of  the  most  Probable  Values  of  the  Un- 
known Quantities  when  the  Observation- Equations  contain 

any  number  of  the   Unknown  Quantities     x,  y,  z, 

Let 

D  =  the  determinant  formed  from  all  of  the 
coefficients  of  the  unknown  (juantities  in 
the  normal  equations. 
D„,D,,,  D^,  .  .  .  =  the  minors  corresponding  to  the  constitu- 
ents ["«],  \bh'],  [fc],  .  .  .  respectively. 
^aht  Aif!  •  •  •  =  the  minors   corresponding  to  the   con- 
stituents \_ah'],  [«(■],   .... 
then  since 

(33)  DJx  =  [a»]  Z»,,  +  [hiq  D,„,  +  [«<]  i)„  + 

we  have 

(34)  [a«]  Jx  =  M  5  i>,  +  i^  D,,  +  t^  A.  +  ....  J 


but  since,  by  (17) 
and  similarly 
we  have 


{auj 

[«&]o 
[«c]_ 


3o)     [aw]z/x  =  L-J-      II  -f  '-  r  -',  -,      -f  '-■■-'  -1     + 
/>      I  ["&]o  Mo 

By  the  same  reasoning 

(30)  [^"]^y=S)^   ^-+A  +  LJ^H.. 


1     ["^]o 

Therefore,  if  we  put 

(37)  JD,  =  Z>„  +  X*,  +  i»,  + 

(38) 


[^"•]o 


[."b-] A.  ^  [oijA.  ,  MA, 


+  ■ 


^-1-. 


Mo 


V  l"0  _    

^     [«6]o  ["i-lo     ^     [«^]o 

we  have 

(39)      [au']  Jx  +  [bu~\  Jy  +  [cu]  Jz -\- .  .  .  . 

_  M\<  vz>  +oVMA>) 


(40) 


A  [rta]  ( 


[..0 


x> 


This  equation  gives  the  best  value  of  the  mean  error  of 
the  single  observation.  But  for  the  practical  purpose  we 
must  find  some  approximate  formula. 


Now,  since  the  values  of  [aft], ,  [ac], ,  .  .  .  .  are  usually 
small  in  comparison  with  ['««],  [hb'\,  ....  we  may  ap- 
proximately substitute  the  mean  of  [«ft]o,  ["'']o>  ["'^Jo'  •  •  • 
[&r]j,  [W],,  ....  for  each  of  them  involved  in  the  equa- 
tions (35),  (36),  .  .  .  .  ;  then  since 

D  =  [rta]  Z)„  +  [ai]  Z)„j  +  [ar]  /)„.+  ....        (41) 

comparing  this  with  (35)  we  have,  nearly, 

r      -,   .          \i>'Y  (  X     ,   D  -  [aa'\  Z)„  ) 
[««]  Jx  =  LJ.  .j  A  + L_i_-  ^ 


(42) 


~  DX'' 

where 

«=  =  [aa]  =  [6i]  = 

X^  =  the  mean  of  \_ab]^,  \nc\,  ....  [6']o,  [W]o)  .... 
It  is  to  be  noticed  that  thougli  the  formula  (42)  was 
deduced  from  the  supposition  that  the  values  of  \_ab\, 
[cic^^ ,  &c.,  are  small,  yet  it  is  well  satisfied  to  the  particular 
case  in  which  the  values  of  [«&],  [ac],  &c.,  are  equal  to 
each  other,  even  if  they  are  large. 


Now  since,  accurately  to  the  second  order  of 

expression  of  D,  we  may  put 

«-     X'    X- 
X-     a-     X- 


by  the  application  of  the  following  theorem : 


in  the 


(43) 


where 
we  have 


.^(x--^)  =  («^-x^)- 

D  =  {a--\-)-''\a-+(iJ.-V)\^\ 

B^  =  D,  =  D^  = =  («--X=)--^«==+(|Lt-2)X2| 

Substituting  these,  (42)  becomes  : 
[rt«]  J.r  =  (44) 

[«  «]  -^(rr-X^— [«-^+(^-l)X'=]-(«--Xy-'[«'+(^-2)X-]| 


X-(«^-Xy-'^«-+(/i-l)X^| 


1  +  (M-1)^ 


and  therefore 


C'^"] 


A^ 


(45) 


(46). 


which  shows  that  the  value  of  e  generally  increases  with 


N»- 


THE     ASTKONOMICAL     JOUENAL. 


79 


that  of  /Li,  except  that,  when  X-  =  «-,  they  become  inde- 
pendent of  each  other. 

Xow,  the  best  values  of   ./r,  Jy,  ....    must  be  found 
from  (35),  (36),  .  .  .  .  ;  but  their  practical  values  may  be 
easily  found  from  the  formula  (44),  and  similai;  ones,  as 
follows  : 
(47) 


,]x  = 
(48) 


[""] 


r<=+  (/a-l)A.^ 


|l  +  (,-l)^l]l4-(,-2);^| 


f  mean  value 
\      of  ( Jx)= 


therefore 
(49) 


j5 


C. 


I  shall  now  give  a  few  theorems  which  may  be  easily 
proved  from  the  results  of  the  above  discussion. 
A.     All  of  the  expressions  [(/»]z/x,  \hu']Jy,  [<;»<]  z/.-r,  .  .  .  . 
have  positive  signs. 

This  may  be  evidently  seen  from  the  form  of  the 
equation  (45),  which  is  the  approximate  value  of  the 
second  member  of  (34). 

JxJi/,  jJxJz,  ....  have  the  same  signs  with  [«"]  [6«], 
[aw]  [c«],  ....  respectively. 

This  immediately  follows  from  the  theorem  .-/.  It 
is  also  evident  from  (49). 

Jxjy,  JxJx,  ....    have  the   same   signs   with   [aft], 
[(fc],  ....  respectively. 

This  immediately  follows  from  the  theorem  B  and 
the  following  hypothesis : 

"  ['*"]  ['"']'  [""]  [''"]>  •  •  •  •  have  the  same  signs  with 

[((6],  ["f],  ....  respectively." 

which  is  ([uite  i>rol)able  when  the  numerical  values  of 

[((ft],  [(((■],  ....  are  large. 

All    the   terms   of    the    equation    [«'<]  =  [aa'\Jx-\- 

[((ft]  Jy  +  \_'i<'^  Jz  +  .  .  .  .  have  the  same  signs. 

This  may  be  easily  proved  by  multiplj'ing  the  equa- 
tion by  //x,  and  comparing  everj'  term  of  it  with  the 
theorem  C.  As  a  corollary  of  the  jiresent  theorem  we 
may  say  that : 

If,  whilst  the  values  of  [(I(^]  and  ['(»],  [ft"],  .  .  .  . 
are  put  in  unchanged,  the  numerical  values  of  [(ift], 
[(((•],  ....  be  increased  then  tho.se  of  Jjr,  Jy,  .Jx,  .  .  .  . 
are  decreased. 


D. 


E.  If  we  have  te'  =  ±ft'  =  ±t'  =  .  .  .  .  ,  a"  =  ±6"  = 
±(/'  =  .  .  .  .  ,  a'"  =  ±b"'  =  ±c<"  =  ....,  &c.,  then 
the  value  of  [««]  ^x  +  [6«]/7y  +  [ck]  Js  +  .  .  .  . 
becomes  the  same  as  that  in  the  case  of  one  unknown 
quantity. 

This  is  evident  from  the  equation  (45). 

F.  The  equations 

[ail]  =   [aa]  Jx  +  [aft]  Jy  +  [ac]  Jz  +  .  .  .  . 
[biq   =  [aft]  Jx  +  [ftft]  Jy  +  [be]  Jz+ 

are  just  satisfied  by  my  values  of  Jr,  Jy,  Jz,  .  .  .  .  , 
but  not  by  the  mean  values  of  them. 

It  is  also  important  to  compare  the  following  results  : 


lean  value  of  (Jxy  = 


I) 


;z^x  =  I^  I  1  -(,r-X=)  ^  ].  (from  (42)) 


(«) 


(P) 


For  clearness  of  thought,  let  us  take  the  following 
example ;  viz.,  let  there  be  given  observation-equations 
involving  any  number  of  unknown  quantities  in  which  the 
approximate  value  «'„  of  the  unknown  quantity  w  is  known, 
and  they  be  solved  by  supposing  that 


1. 


W    =    IC, 

((•  =    IV.  +  Jw 


then  from  (a)  we  can  not  say  that,  even  if  the  value  of  t' 
in  the  second  solution  be  less  than  that  in  the  first,  the 
mean  value  of  {Jx)'  in  the  second  solution  is  less  than  that 
in  the  first  (see  ray  theorem  in  the  .-l../.,!No.  521) ;  but  from 
(ft)  we  may  say  that,  if  the  values  of  A^'s  and  of  es  in  both 
solutions  be  equal,  the  value  of  Jx  in  the  second  solution 
is  generally  less  than  that  in  the  first. 

We  must  now  determine  the  value  of  .-1.  But  this  being, 
indeed,  a  very  vague  problem,  so  that  we  can  not  now  find 
any  reliable  value  of  it,  we  are  compelled  still  to  .idopt 
"  A  =  1,"  which  agrees  with  the  theory  of  the  mean  errors. 

Finally,  it  is  to  be  remarked  that,  since  we  have  hitherto 
supposed  that  the  observation-equations  have  been  trans- 
formed to  have  the  relation  [na]  =  [ftft]  =  [ce  =...., 
for  instance,  to  apply  the  formula  (46)  for  the  original 
cqiuitions  we  must  understand  that 


X' 


the  mean  of 


["Mo [«<']o 


V)[aa][ftft]j    '     VU«a<««]r 


Tokyo  Astronomical  Ohaervatory,  1902  October. 
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-()"r,6'.50 

+   U     1.2 

h        II 

2  47 

48.01 

+  24  13 

38.1 

719.617 

0.535 

+  3.02 

+   7.4 

1 

25  , 5 

-0  55.60 

+   3  36.7 

2  47 

48.91 

+  24  17 

13.6 

9.574 

0.497 

+  3.02 

+   7.4 

30  15    4  25.0 

o 

25  ,  5 

-2     0.74 

+   3     6.8 

2  51 

29.75 

+  33  29 

54.7 

n9.6]4 

0.317 

+  3.28 

+   4.4 

31  15  24  41.9 

3 

25,5 

+  3  11.26 

+  5  54.8 

2  52 

56.13 

+  36  38 

38.1  n9.588 

0.147 

+  3.40 

+   3.7 

Aug.   1  15  35  30.5 
3  15  48  l(j.8 

4 

20,4 

+  2     3.32 

+  4  30.8 

2  54 

27.45 

+  39  44 

50.4 

«9.578 

9.921 

+  3.50 

+   2.6 

5 

19,4 

-3  56.47 

-   4  16.7 

2  57 

54.13 

+45  49 

30.7 

«9.577 

n9.310 

+  3.73 

+  0.2 

5  15  41  29.G 

fi 

25,5 

-3  43.28 

-   1  59.4 

3     1 

58.07 

+  51  36 

47.6 

n9.635 

n9.982 

+4.03 

-   1.5 

G  14  23  22.3 

7 

25,5 

-1  25.56 

-  7  55.7 

3     4 

10.88 

+  54  14 

41.5 

^^9.808 

7.598 

+4.21 

—  2.2 

7  15  18  21.2 

8 

25  ,  5 

+  2  49.70 

+   0  36.3 

3     6 

51.43 

+  57     2 

26.1 

«9.742 

n0.138 

+  4.42 

-   2.7 

10  14  54    4.7 

9 

20,4 

+  3     4.90 

-12     1.0 

3  16 

30.58 

+  64  27 

47.0 

9.887 

«0.283 

+  5.12 

-   4.9 

17  11    0  34.0 

10 

20,4 

-3  45.09 

+  3  12.1 

4     1 

58.81 

+  77  52 

44.2 

«0.313 

0.527 

+  7.77 

-11.0 

17  12  23  52.0 

10 

19,4 

-3     0.81 

+  9  25.3 

4     2 

43.09 

+  77  58 

57.4 

H0..344 

9.993 

+  7.77 

-11.0 

28  12  34  40.5 

11 

17,17 

-0  50.9 

-   2     6.2 

11  14 

12.5 

+  84  43 

23.3 

9.401 

0.865 

-9.9 

-14.4 

30  13  17  17.7 

12 

14,8 

+  3  50.4 

-   6  28.2 

12  11 

16.3 

+  83  13 

52.2 

9.484 

0.871 

-9.0 

-10.5 

Sept.  1  11  1(5  28.4 

13 

4,4 

-0  37.7 

-   4     9.7 

12  42 

55.1 

+  82     5 

24.0 

0.336 

0.771 

-8.1 

-   7.6 

2  11  52  51.8 

14 

19,4 

-3  17.4 

-   2  42.8 

12  55 

14.6 

+  81  21 

59.4 

0.228 

0.810 

-7.4 

-   6.4 

*23  11  41  59.6 

15 

24,9 

+  0  43.18 

+   0  36.7 

14  16 

42.74 

+  70  49 

37.4 

9.914 

0.848 

-2.73 

-   3.1 

Oct.  15  11  43  42.7 

Ifi 

18,4 

-4  59.27 

-  2  49.5 

14  50 

57.93 

+  66  16 

56.4 

9.639 

0.904 

-2.35 

-   4.2 

17  12  12  10.0 

17 

15,6 

+  5  20.44 

+   2  26.8 

14  53 

54.22 

+  66     5 

45.8 

9.442 

0.919 

-2.28 

-   6.0 

19  12    7  25.0 

18 

16,7 

-1  33.30 

+   4  37.7 

14  56 

48.17 

+  65  56 

50.6 

9.438 

0.920 

-2.31 

-  5.2 

20  11  43    7.4 

18 

til,  16 

-0     7.60 

+   0  55.8 

14  58 

13.85 

+  65  53 

8.4 

9.574 

0.911 

-2.33 

—   5.5 

Mean  Places 

of  Comparison- Stars  f 

or  the  beginning  of  the 

year. 

* 

a 

s 

Authority 

* 

a 

8 

Authority 

1 

2  48  41.49 

+  24  13  29.5 

Berlin  B,  A.G.  852 

10 

h         m       s 

4     5  36.13 

+  77  49  43.1 

Kasan,  A.CJ.  655 

<} 

2  53  27.21 

+  33  26  43.5 

Leiden,  A.G.  1122 

11 

11   15  13.3 

+  84  45  43.9 

Cairington  1679 

3 

2  49  41.47 

+  36  32  39.6 

Lund,  A.G.  1498 

12 

12     7  34.9 

+  83  20  30.9 

Carrington  1815 

4 

2  52  20.63 

+  39  40  17.0 

Lund,  A.G.  1517 

13 

12  43  40.9 

+  82     9  41.3 

Uanington  1897 

5 

3     1  46.87 

+  45  53  47.2 

Bonn,  A.G.  2630 

14 

12  58  39.4 

+  81  24  48.6 

Carrington  1936 

6 

3     5  37.32 

+  51  38  48.5 

Camb.,  U.S.,  A.G.  1413 

15 

14  16     2.29 

+  70  49     3.8 

Dorpat,  A.G.  Zones 

7 

3     5  32.23 

+  54  22  39.4 

Camb.,  U.S.,  A.G.  1411 

16 

14  55  59.55 

+  66  19  50.1 

Xewcomb  951 

8 

3     3  57.31 

+  57     1  52.5 

Hels.&Gotha,  A.G.2813 

17 

14  48  36.06 

+  66     3  25.0 

Christiania,  A.G.  2215 

9 

3  13  20.56 

+  64  39  52.9 

Hels.cSiGotha,  A.G.2920 

18 

14  58  23.78 

+  65  52  18.1 

Chi'istiania,  A.G.  2235 

*Tlie 
equatorial 


observations  from  July  27  to  Sept.  2  were  made  with  the  12-inch  equatorial  ;   those  from  Sept.  23  to  Oct.  20  on  the  26-inch 
t  Micrometer  measurement.     Note:  — Oct.  20,  "Exceedingly  faint  for  all  measures."' 
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GEMINORUM. 


A  cable  dispatch  of  March  27,  from  Dr.  Kreutz.  an- 
nounced the  discovery  by  Prof.  Turner,  at  Oxford  Uni- 
versity Observatory,  of  a  new  star  in  the  position, 

«  =  6"  37"  48»     ,     8  =  +30°  3' 

but  which  might  possibly  be  a  variable.  Its  magnitude  on 
March  16  was  8.0.  The  cipher  words  of  the  dispatch, 
trouble  valerian,  are  construed  as  meaning  that  it  was  not 
visible  on  the  plates  of  February  16. 

On  March  28,  telegrams  were  received  from  Harvard  Col- 
lege Observatory,  communicating  a  dispatch  from  Prof. 
Hale,  at  Yerkes  Observatory,  giving  the  position. 


1903  Mar. 


.750,     a  =  6" 


49" 


+  30°  2'  38" 


and  the  magnitude  as  8.5  ;  and  stating  that  the  spectrum 
contains  bright  lines  or  bands ;  also  a  dispatch  from  Capt. 
Chester,  Superintendent  of  Naval  Observatory,  stating 
that  the  star  was  photographed  there  on  March  27,  and 
that  the  magnitude  was  8.5,  color  red. 

By  Prof.  Barnard's  note  printed  on  another  page  of  this 
number,  the  accurate  position,  observed  at  the  Yerkes 
Observatory,  is 

a  =  6"  37"  48'.96     ,     8  =  +30°  2'  38".3     (1900.0) 
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OBSERVATION  OF  THE  POSITION  OF  TUKNER'S  "iVOF.4,"  (2387  —GEMINORUM), 

By  E.   E.  BARNARD. 

The  jjlace  of  the  comparison-star  (A.G.,Canib.,Eng.  3482) 


The  position  of  this  star  was  observed  with  tlie  microme- 
ter of  the  4()-inch  on  March  27.  No  comparison-star  was 
available  for  direct  measurement.  The  comparison-star 
used  (A.G.  Camb.,  Eng.,  3482),  was  too  distant  in  declina- 
tion for  differences  of  right-ascension.  A  star  of  12"  was 
therefore  used  as  an  intermediate. 


Ja  Nova  and  12"  star 
M      " 
The  12"  star  was  s.f. 

The  small  star  was  then  referred  to  A.G.  3482 


5.1   =  23.49  (4) 
16.0  (3) 


J  a  3482  and  12"  star     1  58.36  (12) 
.78      "  "  3  41.6       (2) 

The  12"  star  n.p. 

The  Nova  was  also  referred  direct  to  3482  in  declination. 

M     5'  57".0  (2)     Nova  north. 
These  observations  give 

Nova  -3482,     Ja  =  -2"2LS5 

Nova  -3482,     M  =  +5  57.3 

Yvrkea  Ohstrtalori/,    M'lV/iams  Hay,    Wis.,  1903  March  28. 


1903.0     «  =  6"  40"-  22'.31     S  =  +29°  56'  30.7 
This  gives  the  place  of  the  Nova, 

1903.0         6''38'"o!46         +30°2  28'.0 
1900.0         6  37  48.96       +30  2  38.3 

At  ll""  0"°,  a  direct  estimate  made  the  Nova  8". 2.  It 
was  estimated  to  be  •('g  of  a  magnitude  less  than  the  com- 
parison-star, which  is  given  as  8". 2  in  DM.  This  would 
make  the  Nova  8".4  on  the  DM.  scale.  It  was  of  a  strong 
red  color. 

Careful  tests  were  made  for  focus  with  a  power  of  700 
diameters.     The  results  are 


2.12  inches  (4  obs.) 
2.10     "         (6  obs.) 


Focus  for  Nova, 

Focus  for  8"  star. 

Focus,  iN'oya- Star  =    +0.02  inch. 

The  difference  is  too  small  to  mean  anything,  though  it 
is  in  the  right  direction  for  a  Nova. 


NOTES   ON   YAKIABLE   STARS,  —  No.  37, 


Bv  HENUY  M 
Approximate  Maxima.  When  from  scarcity  of  decisive 
observations  it  becomes  necessary  to  substitute  the  maxi- 
mum from  the  elements  for  the  observed  maximum,  as 
indicated  by  E  in  the  column  of  weights,  there  maj-  yet  be 
an  indication  from  the  light-curve  shown  bj'  the  observa- 

Results  of  Obsekvatioxs 


PAKKHURST. 

tions,  of  an  approximate  maximum,  which  maj-  be  given  bj' 

its  Julian  date  in    the  column  headed  "Mag.,"  and  thus 

either  confirm  the  elements  or  suggest  their  approximate 

correction. 


Observed  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

W. 

Mag. 

Factors 

Remarks 

6888 

E  If  Sa(/ittarii 

_ 

190S-S 

_ 

_ 

_ 

_ 

_        _        _ 

-No  period  ascertained 

6892 

Ji'X  Snijittarii 

JIax. 

6018 

Sept.  15 

6 

_ 

E 

6045: 

_         _       _ 

32(y'  A.J.4b6 

6900 

W  Aquilae 

Max. 

6041 

Oct.    18 

7 

_ 

E 

_ 

_         _       _ 

A.J.  393 

7118 

X  Aijiii/ae 

Min. 

6066 

Nov.  12 

10 

_ 

E 

_ 

_         _       _ 

A.J.  34- 

7155 

Rli  Aijuilae 

Max. 

6096 

Dec.  12 

7 

- 

5 

- 

_        _       _ 

Approximate  period  3S»^ 

7162 

Rb  Aijuilae 

- 

- 

- 

- 

- 

- 

- 

_         _       _ 

Perioil  about  400''  probably 

7242 

S  Aquilae 

Max. 

6049 

Oct.   26 

92 

_ 

E 

- 

_         _       _ 

Correot'n  ap|>arently  increas'g 

7244 

EW  Aquilae 

Max. 

6114 

Dec.  30 

194 

-   1 

6 

- 

_        _       _ 

Period  7.87.     A.J.  490 

7261 

RDelphini 

Max. 

6113 

Dec.  29 

48 

-66 

6 

7.9 

_         _       _ 

Shortening  of  period  confirmed 

(7416) 

-19°5892 

- 

- 

- 

- 

- 

- 

- 

_        _       _ 

Third  catalogue,  supplement 

7458 

V  Delphini 

Max. 

6042 

Oct.   19 

8 

- 

E 

6107: 

_         _       _ 

Probably  nuicli  later 

(7484) 

—  Ci/i/ui 

- 

- 

- 

- 

- 

- 

- 

_         _       _ 

Third  catalogue,  supplement 

(8104) 

—  Aqunrii 

- 

- 

- 

- 

- 

-         _       _ 

(8106) 

—  J'e;/a.ii 

- 

- 

- 

- 

- 

_         _       _ 

.. 

7806 

r  Fer/a.ii 

Max. 

6118 

Jan.     3 

9 

- 

1. 

l,ON',. 

_         _       _ 

Prol>ably  m\icli  earlier 

81.':U) 

S  Aquarii 

Max. 

6058 

Nov.    4 

56 

_ 

E 

6058  : 

_        _       _ 

S2'.I0 

li   /',:,a.ii 

Max. 

6106 

Deo.  22 

60 

2 

6 

10.1 

_         _       _ 

Correction  probably  too  small 

8373 

S  Peijasi 

Max. 

6161 

Feb.  15 

48 

-19 

5 

- 

_         _       _ 

Low  in  west 

8512 

N  Aquarii 

Max. 

6127 

Jan.  12 

86 

-16 

9 

6.14 

1.22  0.91  16-' 

8562 

Z  Aquarii 

Max. 

4984 

Nov.  25 

_ 

_ 

2 

6095: 

_        _       _ 

1S99 

8622 

W  Ceti 

Max. 

6122 

Jan.     7 

7 

+  72 

7 

~ 

-        -       - 

Sky  very  uncertain 

82 
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6888  RW  Siujtttarli. 

(Coiit.from45C.  Comi).Star3421) 
Julian      Calendar      Mag. 

484;i.f)  July'  7    10.11 
4867.6  31      i>.4p 

1«I0 

5228.6  July  27  10.0 

5246.6  Aug.  14  9.6 

5257.6     25  9.7 

5280.5  Sept.  17  9.7 

5312.5  Oct.  19  9.4 

5318.5  25  9.2 

rjii 

5609.6  Aug.  12    10.0 
5673.5  Oct.    15      9.2 

Kauge  of  7  dates 

1002 

6082.5  Nov.   28     9.7 

6085.5  Dec.      1    9.6 

6892  RX  Sagittarii. 

(Cont.from45C.  Comp.Stars421) 

1899 

4843.6  July     7    13] 
4928.6  Sept.  30    12]p 

1900 

5228.6  July    27  to 
5318.5  Oct.    25    13] 
6  dates 

I'.IOI 

5609      Aug.    12  to 
5664      Oct.       6    13] 
6  dates 


6082.5  Nov.  28 

10.0 

6085.5  Dec.      1 

9.8 

6900    WAqu 

lae. 

(Cont.fiom456.  Comp.Stars339 

1901 

5609.6  Aug.  12 

10.9 

5631.6  Sept.    3 

11.0 

5634.6              6 

11.2 

5643.6            15 

11.4 

5665.6  Oct.     7 

13] 

190S 

6089      Dec.     5 

9.8: 

6102               18 

9] 

7118  X  Aquilae. 

(Cont.fromigo.  Comp  Stars  339 

6082      Nov."28    12.1] 
6102     Dec.  18    11.8] 


Individual  Observation 

Includlni;  Observations  by  Artiiuh  C. 


7155  RR  Aquilae. 

(Cont.from  490.  Comp. stars  893; 
Julian     Calendar    Wag. 

5609.5  Aug.  12 
5632.5  Sept.    4 
5643.5 
5604.5  Oct. 
5G65.5 
5668.5 
5671.5 
5677.5 

1902 

6082.5  Nov.  28 


15 
6 

10 
13 
19 


12] 

12] 

12] 
9.1 
9.00„ 
8.77.' 
8.85, 
8.91„ 


7261  RDdphbil 

'Contlnucil  from  498.) 
Julian     Calendar    Mag, 

1901 

July  19 

Aug.  7 


5585 
5604 


9.7 
11.2 


1902 

Dec. 


6085.5  Dec. 

6089.5 

6092.5 

6101.5 

6102.5 

6107.5 

6111.5  J 

6114.5 


1 
5 
8 
17 
18 
23 
27 
30 


8.0 
8.2 
8.2 
8.2 
8.1 
8.0 
8.1 
8.2 
8.2 


6085 

6089 

6092 

6101 

6102 

6107 
16111 
,6115 

190 

6121      Jan. 


17 
18 
23 
27 
31 


8.9 
8.6 
8.8 
8.4 


7.9 

8.1 


Peuby. 

(7484) 
Julian 

4579 
4639 


—  Cijgni. — Cent. 
Calendar    Mag. 

Oct!    16  to 
Dec.   15    12.5 

±.3 
3  dates 


7162  RS  Aquilae, 

(Cont.from490.  Comp.Stars464) 

1901 

5607.6  Aug.  10  to 
5664.5  Oct.      6    13] 
4  dates 

6082      No\r28  to 
6102      Dec.  18    13] 
3  dates 


(S.DM) 
(7416)  -19°5892. 


3777 
3809 
3860 
3897 

4111 
4114 
4144 
4166 
4215 
4256 


Aug.  5 
Sept.  6 
Oct.  27 
Dec.     3 

1S97 

July  5 
8 
Aug.  7 
29 
Oct.  17 
Nov.  27 


8.9 
9.0 

8.7 
8.7 

8.8    I 

8.9 

8.63„ 

9.08li 

8.972' 

8.82„ 


7242  S  Aquilae 

(Cont.from  425.  Conip.Stars4e4) 

1902 

6085      Dec.     1       9.3 
6102  18      9.4 

7244  RW  Aquilae.       6085 

(Cont.from 490.  Comp.Stars464)i  6102 


4587      Oct.    24      8.92 
7458  V  Delphini. 

(Cont.from  482.  Comp.StarsSll) 


19t)2 

Dec. 


6085.5  Dec. 

6090.5 

6091.5 

6092.5 

6093.5 

6101.5 

6102.5 

6103.5 

6107.5 

6108.5 

6111.6 

6112.5 

6114.5 

6115.5 


8.6 
8.8 
8.6 
8.7 
8.7 
8.9 
8.8 
8.9 
9.1 
8.7 
8.6 
8.6 


6107 
6111 


10.7] 
10.7] 
10.0: 
11.5 


(7484)  -Cygni 

1S96 


7896  VPegasi. 

(Continued  from  482.) 

1902 

6089  Dec.  5  9.8 
6101  17  9.8] 
6111       27  11.3] 

(8104)  —Aquarii. 

(Continued  from  372.) 

189C 

3813      Sept.  10    12.2 
3870      Nov.     6    12.5 

1S97 

1 4138      Aug.    1     12.2 
4257      Nov.  27    12.3 

1899 

4545      Sept.  12    12.0 
(8106)  -Pegasi. 

I  (Continued  from  372.) 

Same  dates  as  (8104) 
No  perceptible  change 

8230  S  Aquarii. 

(Continued  from  487.) 

1902 

6089      Dec.     5      9.2 
6111  27    10.5 

1903 

6123      j;an.     8    10.7] 
8290  R  Pegasi. 

(Continued  from  487.) 
19*>.: 

6089  Dec.  5  10.1 

6103  19  10.4 

6107  23  9.9 

6114  30  10.6 


3776 

Aug.    4  to 

3948 

1397 

Jan.  23    12.5 

±.3 

10  dates 

4078 

1S97 

June    2  to 

4283 

Dec.  24    12.5 

±.3 

5  dates 

8373  S  Pegasi. 

(Cont.from  4S7.  Comp. Stars  464) 

1902 

6089  Dec.  5 

S6103  19 

6107  23 

6114  30 

1903 

6123   Jan.  8 
6128       13 


11.5 
9.9 
9.8 
9.7 

9.5 
9.3 


8373  S  Pegasi.  ■ 
Julian  Calendar 

1903 

Jan.  17 
21 
28 
30 

Feb.  5 
12 
14 


6132 

61.",6 
6143 
6145 
6151 
6158 
6160 
6168 


-Cont. 
Mag. 

9.3 
9.3 

8.9 

8.7 

8.5 

7.93j 

7.76, 

8.4  ■ 


8512  li  Aquarii. 

(Continued  from  496.) 

1902 

6089  Dec.  5   7. 
6092       8 

6101  17 

6102  18 
6107  23 
6114      30 


7.9 
7.6 

7.4 
8.1 


6123 
6127 
6128 
6132 
6136 
6141 


Jan.  8 
12 
13 
17 
21 
26 


6.8 

6.2 
6.0 

5.8 
6.78 
6.76, 
6.8 


8562  Z  Aquarii. 

1S99 

4984.6  Nov.  25 

1902 

Dec.  17 
18 
23 
30 

1903 

Jan.  8 
12 
13 


6101 
6102 
6107 
6114 


6123 
6127 
6128 
6136 


8.  If 

8.5 
8.8 
8.4 
9.0 

9.7 
9.8 
9.6 


21  10] 


6089 
6101 
6102 
6107 
6114 

6123 
6128 
6132 
6136 
6141 


8622  TT'  Ceti. 

(Continued  from  498.) 

1902 

Dec.  5 
17 
18 
23 
30 

1903 

Jan.  8 
13 
17 
21 
26 


8.3 
9.0 

7.8 
7.8 
7.8 

7.8 

7.4 
7.91 
8.49 
8.7 


CONTEXTS. 
New  Formulas  for  Fixding  the  Mean   Error   of  ax  Observation   and  Some   Likely   Errors   of  the  Most  Probable 

Values  of  the  Uxknown  Quantities  in  Indirect  Observatioxs,  by  J.  Midzuhara. 
Observations  of  Comet  1900  II,  by  George  K.  Lawton. 
2.387  — Gemixobum. 

Observation  of  the  Position  of  Turner's  "Nova,"  (2387  — Gemixorum),  by  E.  E.  Babxakd. 
Notes  ox  Variable  Stars, —  No.  37,  by  Henry  M.  Parkhurst. 
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UETEKMIN^ATION    OF    ABSOLUTE    MAGNITUDE-EQUATION    FOR    THE 
CATALOGUE    OF    <>27    STANDARD    STARS  (^1../.  o31-2). 

By    lewis    boss. 


In  the  computation  for  the  right-ascensions  of  the  Cata- 
logue of  627  Standard  Stars  the  numerical  data  for  each 
star  occupy  a  single  sheet.  Upon  each  is  entered  at  the 
outset,  in  the  chronological  order  of  catalogues,  the  com- 
parison, 0  — C,  of  each  catalogue  of  observation  with  a 
previously  assumed  right-ascension  and  annual  motion. 
This  is  the  permanent  basis  of  the  subsequent  compu- 
tations. In  succeeding  columns  are  arranged  the  residuals 
corrected  for  systematic  errors  of  the  form,  /la^  and  Ju, , 
in  the  successive  apjiroximations.  The  last  column  on 
each  star-sheet  contains  the  final  residuals,  C  — 0,  resulting 
from  the  definitive  computations  for  the  Catalogue  of 
Standard  Stars.  These  residuals  are  freed  from  the  effect 
of  z/(c,  and  Ja^  according  to  the  values  of  these  quantities 
adopted  in  the  final  computation,  —  vahies  which  are,  in 
all  cases,  close  approximations  to  those  which  have  been 
finally  computed  subsequently  to  the  formation  of  the 
definitive  right-ascensions.  It  is  evident,  therefore,  that 
these  residuals  are  well  suited  for  the  accurate  discussion 
of  any  type  of  systematic  correction  which  it  is  desired  to 
investigate  independently  of  z/«,  and  /Ja^. 

Throughout  the  comp\itations  for  the  catalogue  it  had 
seemed  to  me  altogether  probable  that  the  subject  of  mag- 
nitude-equation is  not  yet  amenable  to  precise  formulation 
and  definite  numerical  treatment.  But  when  the  operations 
for  deducing  tlie  finally  adopted  values  of  Jh^  and  Ju,  had 
been  completed,  it  occurred  to  me  that  certain  points  of 
interest  relative  to  the  magnitude-effect  ought  not  to  be 
neglected.  Abundant  well  tested  material  for  such  discus- 
sions was  already  available  in  a  perfectly  convenient  form ; 
and  no  relatively  great  loss  of  labor  would  result  in  case 
the  investigation  should  prove  to  be  barren  of  definite 
conclusions. 

Once  entered  upon,  the  course  of  tlie  investigation 
followed  almost  without  volition  on  the  part  of  the  coni- 
[uiter,  and  without  reference  to  his  preconceived  notions. 
Tlierefore  it  is  quite  natural  that  the  results  should  be 
presented  in  the  order  in  which  they  were  obtained.     This 


course  is  especially  appropriate  since  each  conclusion  stands 
as  it  was  first  produced  and  without  subsei|uent  revision. 

Description  of  Table  I. 

The  entire  investigation  derives  its  material  of  observa- 
tion from  Table  I;  therefore,  for  a  clear  comprehension  of 
what  follows,  it  will  be  necessary  to  understand  the  con- 
struction of  this  table.  All  the  '•  star-sheet.s  "  were  arranged 
in  the  order  of  masrnitude  in  three  zones,  as  follows : 


Zone 

Limit 

s 

I 

+  C0  to 

+  30 

II 

+  29  to 

oo 

III 

-23  to 

-.50 

The  adopted  magnitudes  are  those  of  the  Harvard  Pho- 
tometry. 

Then  in  each  zone  the  separate  residuals,  C  — 0,  for  each 
catalogue  are  collected  in  groups  falling  as  nearly  as  may 
be  upon  an  even  magnitude.  Zone  II  (the  equatorial  zone) 
is  readily  recognized  in  the  tables  through  the  group  of 
eight  stars  of  mean,  0".9.  It  is  in  the  second  column  for  ob- 
servatories having  northern  latitude  and  in  the  first  column 
for  those  having  southern  latitude.  Each  of  the  mean  resid- 
uals is  a  statement  of  the  mean  observed  correction  given 
by  the  Standard  Catalogue  to  the  catalogue  of  observation  in 
question,  as  a  result  of  the  mean  by  weights  of  all  the 
residuals  contained  in  the  given  zone  for  the  particular 
group  of  magnitudes  to  which  it  refers. 

Since  very  closely  approximate  values  of  Ju,  and  Ja, 
were  emploj'ed  in  the  derivation  of  the  final  residuals  ui>on 
the  star-sheets,  and  since  the  means  of  Table  I  involve  all 
hours  of  right-ascension  and  a  wide  range  of  declination,  it 
is  evident  that  any  outstanding  errors  which  could  be 
attrilnited  to  defective  knowledge  of  Ja.  and  Ja,  are 
practically  of  no  importance  at  all,  except  possibly  in  a  few 
instances  where  the  number  of  stars  involved  in  the  mean 
is  very  small.  We  nu\y.  therefore,  .assume  that  Table  1 
exhibits  the  effect  of  differences  of  magnitude-equation 
combined  with  casual  errors  of  observation.     For  each  zone 
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is  given  in  the  first  coluinu  the  number  of  stars  partici- 
pating in  the  respective  means,  an<l  in  the  second  column 
tlie  combined  weight  upon  a  unit  of  which  the  probable 
error  is  ±0'.01.  Where  the  probable  error  is  supjjosed  to 
be  greater  than  ±()".015  the  weight  is  suppressed. 

To  prepare  the  mean  residuals  for  examination  it  was 
decided  to  take  as  the  zero  of  reference,  3". 5,  and  to  estab- 
lish this  through  the  arithmetical  mean  of  the  groups  for 
,'!>'.0  and  4".0.  This  procedure  is  illustrated  by  the  follow- 
ing example  in  which  the  residuals  for  Zone  II  in  the  case 
of  t'ordoba  IST;")  are  treated. 


Mag. 

.« 

Wt. 

J'u,„ 

Ja,„ 

("i* 

,S 

7 

+  0?00() 

+o!oos 

2.0 

i;3 

•) 

+  0.003 

+  0.00.5 

o.O 

41 

30 

-0.001 

+  0.001 

4.(1 

(;g 

30 

-0.003 

-0.001 

-,.() 

50 

17 

-0.004 

-0.002 

The  numbers  in  the  column,  zy'«„,  are  the  mean  residuals 
as  they  were  directly  computed  from  the  separate  residuals 
collected  from  the  star-sheets.     The  mean  for  the  groups, 


3".()  and  4''.0,  is  — 0'.002.  Adding  to  the  numbers  in 
column,  J'u„,  +0'.002,  so  as  to  make  the  sum  of  the  re- 
siduals for  3".0  and  4".0  zero,  we  derive  the  adopted 
residuals  in  the  last  column,  Ju^,  which  are  tlius  supposed 
to  be  referred  to  3". .5  as  the  zero-origin.  In  )irecisely  this 
manner,  without  exception,  all  of  the  residuals  for  each  of 
the  zones  were  referred  to  the  zero-origin,  3". 5 ;  and  where 
this  was  not  possible  for  a  certain  zone  on  account  of  the 
scanty  weight  for  one  or  the  other  of  the  residuals  for  3".0 
or  4".0,  that  zone  has  been  omitted  from  the  computations. 

All  the  work  up  to  this  point  was  done  in  a  purely 
mechanical  way  upon  a  uniformly  prescribed  plan,  carried 
out  with  undeviating  rigor,  regardless  of  what  might  seem 
to  be  discordances  or  anomalies. 

The  last  column  in  each  of  the  sub-tables  which  make  up 
Table  I  is  the  mean  by  weights  of  the  individual  zones ; 
and  the  weight  belonging  to  each  residual  is  the  sum  of  the 
corresponding  weights  in  the  separate  zones.  It  is  scarcely 
necessary  to  remark  that  much  the  larger  part  of  the 
weight  in  the  final  residuals  is  due  to  the  equatorial  zone. 


TABLE   I. 
Final  Rksults   for  MACNiTunE-EoiTATioxs,  with 


Obsekvkd  Vai.iks  of  .y«„ 


Greenwich  1755  (A.-H.) 
•*        p        J",,, 


J'a„,  =  — =.004        Ja„=- 
**         I)  Ja„ 


1.8 
3.1 
3.9 
4.8 


14 

26 

38 

5 


+  .037 
.000 
.000 

-  .070 


0.9  8 

2.0  14 

3.0  r.i 

4.0  124 

o.O  87 


10 


-.001 

+  .002 
-.002 
+  .002 
-.009 


0.9 
1.9 
3.0 
4.0 
5.0 


Kiinigsberg  1825 


l.G 
3.1 
3.9 
4.7 


+  .027 
-.005 
+  .005 
+  .001 


0.9 
2.1 
2.9 
4.3 


».004       Ja„.  =  ■ 
+  .004  I  0.9 
+  .029 
+  .005 
-.007 


1.9 
2.9 
4.1 
4.7 


Dorpat  1824 


1.9  15 

3.0  17 

3.9  23 

4.7  4 


-.019 
-.010 
+  .010 
+  .004 


0.9  8 

2.1  8 

2.9  16 

3.9  25 

5.0  10 


.0O4 

+  .012 
+  .004 
+  .001 
-.001 
-.015 


St.  Helena  1S30 


=  '.GOO 


0.9  8 

2.1  10 

3.0  32 

4.0  47 

5.0  35 


3.0 
4.0 
4.9 


-.008 
.000 
.000 
.000 

-.005 


2.1  18 

3.0  39 

4.0  50 

4.9  30 


0.9 

8 

9 

12 

7 

+  .002 

2.1 

8 

9 

13 

6 

+  .006 

3.0 

22 

13 

16 

(; 

-.006 

4.0 

44 

14 

4 

1 

-.006 

5.1 

26 

7 

-.006 
+  .001 
-.001 
-.021 

.004 

+  .010 
+  .004 
+  .004 
-.004 
-.006 


0.9 
2.0 
2.9 
3.9 
5.0 


0.9 
2.1 
3.0 
4.0 
5.0 


0.9 
2.0 
3.0 
4.0 
5.1 


Greenwich  1830 


1.9 
3.1 
3.9 

4.8 


15 

26 

42 

4 


-.002 
-.005 
+  .005 
+  .024 


0.9  8 

2.0  14 

3.0  51 

4.0  121 

5.0  73 


'.003     Ja,„  =  • 

i  +.002  I  0.9 

!  -.004  2.0 

i  +.005  3.0 

;  -.005  4.0 

I  -.011  5.0 


-^Ol  1 

-!ooi 

+  .014 
-.002 
+  .002 
-.011 

-.013 

+  .004 
+  .028 
+  .001 
.000 
+  .001 

-^Oll 

+  .012 
-.002 
.000 
+  .001 
-.012 

— ^008 

-.008 

-.002 

.000 

.000 

-.008 

—  .012 

+  .010 
+  .003 
+  .005 
-.005 
-.006 

-'.OlO 

+  .002 
-.004 
+  .003 
-.004 
-.010 


Cambridge  1830 
**  11  Ja 


=  +  .002 


0.9 

8 

2.0 

13 

3.0 

28 

4.0 

56 

5.1 

62 

Cape  1840 

J 

'u,„ 

0.9 

8   4 

-.004 

2.1 

9   4 

.000 

2.1 

17 

2.9 

31  10 

+  .001 

3.0 

40 

4.0 

48  10 

-.001 

4.0 

48 

4.9 

40   2 

-.021 

4.9 

28 

5.8 

8   1 

+  .023 

2  -.005 

2  -.020 

3  +.003 
5  -.003 
5  -.001 

ooo 


,J 

+  .007 

4 

+  .005 

4 

—  .005 

2 

+  .001 

Ju,„   =  ■ 

0/J 
2.0 
3.0 
4.0 
5.1 

Ja,„  =  ■ 

0.9 
2.1 
2.9 
4.0 
4.9 


Greenwich  1840 


J', 
0.9 
2.1 
2.9 
4.0 
4.9 
5.9 


=+  ».009  Ja,„  = 

3      —.027  [  0.9 

-.006  i 

-.005  j 
+  .005 

+  .014  ' 
+  .009 


4 

10 

10 

6 

1 


Greenwich  1845 


=  +  .007 


1.9 
3.1 
3.9 
4.7 


1.9 
3.1 
3.9 
4.7 


2  -.01(5 

2  +.020 

1  -.020 

-  +.069 


Radcliffe  1843 


14 

16 

33 

4 


+  .022 
-.001 
+  .001 
-.017 


Pulkowa  1S45 


1.9  15  11  -.004 

3.1  27  17  -.006 

3.9  41  25  +.006 

4.8  3  1  +.004 


0.9  8 

2.0  12 

2.9  38 

4.0  37 
4.9  61 
5.9  8 

J'a,„  : 

0.9  8 

2.1  10 
2.9  36 
4.0  69 
5.0  53 

J'a,„ 

0.9  8 

2.0  14 

3.0  51 

4.0  112 

5.0  21 


-.015 

-.007 

-.003 

+  .003 

+  .013 

+  .022 

=  -  .008 

2         .000 

2     +.029 

6     +.007 

8     -.007 

5  -.017 
=  +'.002 

6  -.003 
16  -.001 
50  -.001 
96     +.002 

8     -.001 


Ja„,  = 
0.9 
2.0 
2.9 
4.0 
4.9 
5.9 

Ja,„  = 

I  0.9 
2.0 

:     2.9 

4.0 

I  5.0 

Ja,„  = 

0.9 
2.0 
3.0 
4.0 

5.0 


.oo« 

-Ja™ 

-'005 
-.020 
+  .003 
-.003 
-.001 

-'.008 
-.004 
+  .002 
+  .002 
-.002 
-.010 
+  .023 

+%001 
-.027 

-  .006 
-.005 
+  .005 
+  .014 
+  .000 

— sOOl 
-.015 
-.008 

—  .002 
+  .002 
+  .016 
+  .022 

—  .016 
.000 
+  .026 
+  .006 
-.006 
-.017 

-'.005 

—  .003 
-.002 

-  .002 
+  .003 

.000 
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Paris  1845 

J'a„  =  +«.003        Ja„  = 

-•.005 

Greenwich  1864                  J'a„=— '.OOl         Ja»  = 

— '.OO© 

•*        p         Ja„ 

**        P            Ja„. 

Ja„ 

—        p         Ja„             ..       **        P           -"."^ 

Jo, 

0^9       8       5     -.006 

0.9 

-.006 

' 

0.9       8     14     +.001 

0.9 

+'.001 

1.9     15       8     -.007 

2.0     14     15     -.011 

2.0 

-.010 

1.9 

11       5     +.002 

2.0     13     16     +.003 

2.0 

+  .003 

3.1     24     14     +.007 

3.0     48     43     -.004 

3.0 

-.001 

3.1 

17       4     +.002 

3.0     45     50         .000 

3.0 

.000 

3.9     .■!5       6      -.007 

4.0  119     56     +.004 

4.0 

+  .003 

3.9 

19       5     -.002 

4.0     94     75         .000 

4.0 

.000 

4.8       5       1      -.006 

4.9     72     28     +.002 

4.9 

+  .002 

4.7 

3       -     -.012 

4.9     62     41     -.003 

4.9 

-.003 

6.1     12       3     -.006 

6.1 

-.006 

6.0     12       7         .000 

6.0 

.000 

Santiago  18.50 

J'a,„  =  -',004         Ja„  = 

— '.012 

Cape  1805                        J'u„,  =  — '.OOO        Ja.  = 

-•.014 

0.9       8       3     +.r)08 

0.9 

+  .008 

0.9 

8       4     +.011 

0.9 

+  .011 

2.1     10       3      +.002 

2.1 

+  .002 

2.0 

13       5     +.010 

2.1     13       2     +.011 

2.0 

+  .010 

2.9     29       9     +.006 

2.9 

+  .006 

3.0 

40     15      +.004 

3.0     31       3     +.016 

3.0 

+  .006 

4.0     39       6     -.006 

4.0 

-.006 

4.0 

71     25     -.004 

4.0     21        1      -.016 

4.0 

-.005 

5.0     25       2     -.008 

5.0 

-.008 

4.9 

60     18     -.008 

4.9     15       1      +.006 

4.9 

—  .007 

(Jreenwicli  IS.JO 

J'a,„  =  +«.003          Ja.  = 

-•.005 

6.1 

11       3     -.016 

6.1 

-.016 

0.9       8       7     -.003 

0.9 

-.003 

Urussels  1865                    J'a„  =  +'.004        Jo.  = 

-'.004 

1.9      13        3      -.001 

2.0     14       9     -.010 

2.0 

-.009 

0.9       8       5     —.004 

0.9 

-.004 

;3.0     23       3      +.004 

3.0     50     27     -.003 

3.0 

-.002 

1.9 

14       3      +.006 

2.0     13       6     +.003 

2.0 

+  .004 

3.9     27       3     -.004 

4.0  107     34      +.003 

4.0 

+  .002 

3.1 

25       4     -.003 

3.0     50     22     -.001 

3.0 

-.001 

4.9     61      14      +.009 

4.9 

+  .009 

3.9 

38       4     +.003 

4.0  119     34     +.001 

4.0 

+  .004 

6.0      14       4      +.001 

6.0 

+  .001 

4.8 

6       1      +.030 

4.9     70     20     +.012 

4.9 

+  .013 

Cape  1860 

J'a,„  =  -».00:}        Ja„  = 

—•.Oil 

.5.9     13       4     +.010 

5.9 

+  .010 

0.9       8       4     +.016 

0.9 

+  .016 

Harvard  1865                    J'a„  =  — ".005        Ja.  = 

-•.OI3 

2.1      10       3     +.003 

2.1     16       3     +.003 

2.1 

+  .003 

1.9 

9       2      +.024 

1.9 

+  .024 

2.9     28       9     +.003 

3.0     37       4     -.006 

2.9 

.000 

3.0 

17       3      -.002 

2.9     37     14         .000 

2.9 

.000 

4.0     46     12      -.003 

4.0     46       2     +.006 

4.0 

-.002 

3.8 

17       3     +.002 

4.0     68     25         .000 

4.0 

.000 

5.1     52     10         .000 

4.8     24       2     -.011 

5.1 

-.002 

4.8 

4       -     +.013 

5.0     27     10     -.003 

5.0 

-.002 

Washington  1S(;0 

J'a„  =  +\002         Ja™  = 

-.006 

Pulkowa  186.-)                    J 'a.  = —'.002          Jo,  = 

-•.010 

0.9       8       6         .000 

0.9 

.000 

0.9       8     18     +.004 

0.9 

+  .004 

1.8     14       3     -.024 

2.0     13       8     +.003 

2.0 

—  .004 

1.9 

15     18         .000 

2.0     14     25     +.009 

2.0 

+  .004 

3.0     24       3     +.019 

3.0     48     27     +.002 

3.0 

+  .004 

3.1 

27     27         .000 

3.0     46     71         .000 

3.0 

.000 

3.9     31       3     -.019 

4.0  112     42     -.002 

4.0 

-.003 

3.9 

41     42         .000 

4.0  105  150         .000 

4.0 

.000 

4.8       4       -     -.048 

4.9     70     28     +.007 

4.9 

+  .006 

4.8 

3       2     -.010 

4.8       9     10     -.008 

4.S 

-.008 

6.0     14       5     +.009 

6.0 

+  .009 

Melbourne  1870                   J'a.  = -.OOO          Ja.  = 

-•.007 

Greenwich  180(1 

J'u.„  =  +'.001        Ja„  = 

-".007 

0.9 

8     10      -.008 

0.9 

-.008 

0.9       8       9      -.001 

0.9 

-.001 

2.1 

10     12      -.004 

2.1     15       4     -.001      2.1 

-.003 

1.9      11         .",      +.014 

2.0     14     11      +.001 

2.0 

+  .005 

2.9 

29     34     -.002 

3.0     36       6     +.002      2.9 

-.002 

3.0      13        4      +.002 

3.0     43     40         .000 

3.0 

.000 

3.9 

28     31      +.002 

4.0     34       3     —.002 

3.9 

+  .002 

3.9     22       5      -.002 

4.0     98     63         .000 

4.0 

.000 

4.9 

16     15      -.006 

4.8     21       3     -.007 

4.9 

-.006 

4.7       r,       -      +.027 

4.9     67     34     +.005 

4.9 

+  .005 

6.0 

4       4      -.007 

6.0 

-.007 

6.0     14       8     +.001 

6.0 

+  .001 

Greenwich  1872                 J'a,  =  —'.002         Jo,  = 

-'.<K)« 

l.'ailc-litiV  ism) 

J'u,„  =  -".(K)r.        Ja,„  = 

-■.<>i:j 

0.9       8     16     +.006 

0.9 

+  .006 

0.9       8       2      —.002 

0.9 

-.002 

1.9 

15     11      +.009 

2.0     14     20     +.007 

2.0 

+  .007 

1.9      15        1       +.005 

2.0     14       2      +.002 

2.0 

+  .003 

3.1 

26     11      +.010 

3.0     49     62     +.001 

3.0 

+  .003 

3.0      20        1       -.011 

3.0     47       9      +.005 

3.0 

+  .004 

3.9 

;?7      12      -.010 

4.0  108     98     -.001 

4.0 

-.002 

3.9      21         1       +.011 

4.0  101      15      -.005 

4.0 

-.0(t4 

4.8 

4      -       -.043 

4.9     67     51      +.005 

4.9 

+  .004 

l.S        5        -          .000 

4.9     61       8      -.018 

4.9 

-.017 

6.0     12       9     -.006 

6.0 

-.006 

6.0     12       2      -.013 

6.0 

-.013 

Washington  1875                 J'o,  =  — '.OOl         Ja_  = 

-•.008 

.Molhoume  18(i(t 

J'u„.  =  —".002       Jo„  = 

-•.0(>S» 

0.9       8     14      +.003  '  0.9 

+  .003 

0.9       S       5      —.004 

0.9 

-.004 

1.9 

15       8      -.003 

2.0     14     19     +.0(»2  1  2.0 

.000 

2.1      10       6      +.002 

2.2     10       2      -.007 

2.1 

.000 

3.1 

24     10     +.008 

3.0     50     60     +.001   1  3.0 

4- .002 

3.0     33     17      +.003 

3.0     19       4      +.002 

3.0 

+  .003 

3.'.) 

3S     11      -.008 

4.0  108     72     -.001      4.0 

-.002 

1.0      12     15      -.003 

4.0     19       2      -.002 

4.0 

-.003 

1.7 

1               -.019 

4.9     ru>     36         .000      4.9 

.000 

5.0     29       9     —.007 

4.8       8       1      -.007 

5.0 

-.007 

6.0     10       6     +.001  1  6.0 

+  .001 

Tari^  1800 

J 'a..  =  +'.004         Ja„  = 

-•.0()3 

IMlko«.i  is:.-.                  J'u,  =+'.003        Jo.  = 

— -.005 

0.9       8     10     -.008 

0.9 

—  .00,S 

1  0.9       8       7     -.005 

0.9 

-.005 

1.9     15       7      -.00(; 

2.0     13     15     -.010 

2.0 

-.009 

1.9 

1.-,       (•)     -.015  12.0     14       S     -.002 

2.0 

-.008 

3.1     22       7      -.002 

3.0     50     45     -.002 

3.0 

-.002 

3.1 

27       8     -.006 

3.0     45     27          .000 

3.0 

-.001 

3.9     25       6     +.002 

4.0  106     70     +.002 

4.0 

+  .002 

3.9 

42     12     +.006 

4.0  111     57         .000 

4.0 

+  .001 

1.9        1               +.015 

4.9     69     29      +.006 

4.9 

+  .006 

4.8 

6       1      +.0.!5     4.9     36     11      -.002  ,  4.9 

+  .002 

6.0     14       5     +.013 

6.0 

+  .013 

6.1        8       2      +.007 

6.1 

+  .007 

86 
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N"  r,:iG 


Harvard  1875 

J'a„  =--  +".001         Ja™  = 

—■.007 

Radcliffe  1800 

J'a«  =  '.OOO           Jo„  = 

-•.008 

••         p          Ja,„ 

•*        p           Ja„. 

Ju„. 

«        ''        ^,""' 

"      ^        Ja,„ 

Ju„, 

" 

" 

o")       8     11          .000 

0.9 

.000 

0.9       8       6      +"0((0 

0.9 

+'ooO 

1.9 

15     11      +.005 

2.1     11     14     -.002 

2.1 

+  .001 

1.9 

10       1      -.012 

2.1      13       9      +.006 

2.1 

+  .004 

3.1 

■j:    m    _.()o(; 

3.0     45     44     +.001 

3.0 

-.001 

3.1 

19       2     +.013 

3.0     47     29      -.001 

3.0 

.000 

3.9 

10      L'l'      +.000 

4.0     98     S3     -.001 

4.0 

+  .001 

3.9 

23       2     -.013 

4.0  107     47      +.001 

4.0 

.000 

4.7 

;>      2     +.005 

4.9     46     33         .000 

4.9 

+  .005 

4.9 

3       -     +.019 

4.9     OS     20      +.003 

4.9 

+  .003 

0.1       3       2     -.012 

6.1 

-.012 

0.0     13       5     +.008 

6.0 

+  .008 

Coriloba  1S75 

J'a,„  =  -'.003          Ja,„  = 

— ".OlO 

Cape  1890 

J'a,„  =  -'.005         Ja„,  = 

-'.013 

().'.) 

8        7+  .008 

0.9 

+  .008 

0.9 

8       5     +.013 

0.9 

+  .013 

!,'.() 

1.'!       9      +.005 

2.1     18       3     +.005 

2.0 

+  .005 

2.0 

14       9     +.007 

2.1      18       4      -.005 

2.0 

+  .003 

;!.() 

41      30      +.001 

3.0     42       5     +.002 

3.0 

+  .001 

3.0 

51     33     +.003 

3.0     42       8      +.001 

3.0 

+  .003 

4.0 

Cd     30      -.001 

4.0     53       4     -.002 

4.0 

-.001 

4.0 

120     70     -.003 

4.0     52     10     -.001 

4.0 

-.003 

r,.o 

r,o    17    —.002 

4.8     31       2      +.011 

5.0 

-.001 

4.9 

59     26      -.009 

4.8     24       4      +.001 

4.9 

-.008 

Taris  187.") 

J'a,„  =+».003          Ja,„  = 

--.0()5 

0.2 

6       3      -.017 

6.2 

-.017 

0.9       8        7      -.010 

0.9 

-.010 

Creenwich  1890 

J'a,„  =  +-.002          Jtt„,  = 

-'.006 

1.9 

14        3      -.019 

2.0     14        7      -.002 

2.0 

-.007 

0.9       8       7      -.014 

0.9 

-.014 

3.0 

21       5     -.005 

3.0     47     37         .000 

3.0 

-.001 

1.9 

15     11          .000 

2.0     14     21      -.003 

2.0 

-.002 

3.9 

24       6     +.005 

4.0     00     51          .000 

4.0 

+  .001 

3.1 

27     16      +.002 

3.0     51     73     -.002 

3.0 

-.001 

5.1 

2       1      -.006 

4.9     07     30      +.006 

4.9 

+  .000 

3.9 

41     18     -.002 

4.0  125  128     +.002 

4.0 

+  .001 

0.0      13       7          .000 

6.0 

.000 

4.8 

5       1      -  .022 

4.9     73     70         .000 

4.9 

.000 

Cape  ISSO 

J'a,„  =  -%003          Ju,„  = 

-'.on 

0.0     14     12      +.003 

(■).0 

+  .003 

0.9 

8      6     +.01;? 

0.9 

+  .013 

Madison  1890 

J'a„,  =— ^005        Ja„,  = 

— '.013 

2.0 

14       7     +.005 

2.1      18       2      +.010 

2.0 

+  .008 

0.9       8       9     +.014 

0.9 

+  .014 

3.0 

43     21          .000 

3.0     41       4      -.004 

3.0 

-.001 

1.9 

14       8      +.012 

2.1     10     11     -.005 

2.1 

+  .002 

4.0 

86     25         .000 

4.0     53       3      +.004 

4.0 

.000 

3.0 

25     13     +.000 

3.0     37     47     +.003 

3.0 

+  .004 

4.9 

54     15     -.008 

4.8     29       2     +.022 

4.9 

-.004 

3.9 

39     21     -.006 

4.0     80     96     -.003 

4.0 

-.004 

6.1 

8       3     -.006 

6.1 

-.000 

4.6 

3       2     +.006 

4.7     18     23     -.008 

4.7 

-.007 

Melbourne  1880 

J'a,„  =  +».003          Ja,„  = 

-•.005 

6.0       2       2     -.015 

0.0 

-.015 

0.9 

8       5      -.008 

0.9 

-.008 

Berlin  1890 

J'a„,  =  +«.004         Ja,„  = 

-■.003 

2.1 

12       7      +.001 

1.9       9       1      -.009 

2.1 

-.001 

0.0       5       4      -.008 

0.6 

-  .008 

3.0 

45     22     -  .003 

2.9     12       2     -.011 

3.0 

-.004 

2.0 

13     10     -.010 

2.1     10     15     -.003 

2.1 

-.006 

4.0 

34     29     +.002 

4.1      13       -      +.011 

4.0 

+  .002 

3.1 

25     18     -.002 

3.0     35     51     -.003 

3.0 

-.003 

4.9 

46     14     +.005 

4.9     11       1      +.004 

4.9 

+  .005 

3.9 

42     26     +.002 

4.0     83  111     +.003 

4.0 

+  .003 

5.9 

6       3     +.007 

5.9 

+  .007 

4.7 

3       2     +.001 

4.8     14     21     +.005 

4.8 

+  .005 

Greenwich  1880 

J'a,„  =  +«.001           Ja,„  = 

-'.007 

6.1       3       5     +.012 

6.1 

+  .012 

0.9       8     14      -.005 

0.9 

-.005 

Lisbon  1890 

J'a„.  =-'.001          Ja„  = 

— '.008 

1.9 

15       7      +.006 

2.1     13     17     -.006 

2.0 

-.003 

0.9       8     16     -.004 

0.9 

—  .004 

3.1 

24       6     -.005 

3.0     50     54     -.001 

3.0 

-.001 

1.7 

11      10      +.004 

2.0     13     27     +.002 

2.0 

+  .003 

3.9 

38       9     +.005 

4.0  115     88     +.001 

4.0 

+  .001 

3.1 

20     19     -.003 

3.0     48  100     +.002 

3.0 

+  .001 

4.8 

5       1     -.040 

4.9     61     48         .000 

4.9 

-.001 

3.9 

33     29     +.003 

3.9     90  108     -.002 

3.9 

-.001 

6.0     14       8         .000 

0.0 

.000 

4.7 

2       1     +.019 

4.8     17     30     -.001 

4.8 

.000 

I'lilkowa  1885 

J'a,„  =  «.000            Ja„,  = 

-».008 

0.0       3       5     -.009 

0.0 

-.009 

0.9       8     18     -.002 

0.9 

-.002 

Berlin  1895 

J'a,„=\000           Ja„  = 

-.008 

1.9 

15     18      +.002 

2.0     14     25     +.001 

2.0 

+  .001 

0.9       7       8     +.010 

0.9 

+  .010 

3.1 

27     26     -.003 

3.0     45     72     +.001 

3.0 

.000 

1.9 

14      10      -.001 

2.0     10     10     +.004 

2.0 

+  .002 

3.9 

40     41      +.003 

4.0     99  151     -.001 

4.0 

.000 

3.0 

21     13     +.003 

3.0     41     56         .000 

3.0 

+  .001 

4.7 

2       2     -.015 

4.7       0     10         .000 

4.7 

-.002 

3.9 

40     27     -.003 

3.9     68     98         .000 

3.9 

-.001 

Cape  1885 

J'a„  =  ^000            Ja„,  = 

-'.008 

4.7 

3       2     -.013 

5.0     16     24     +.006 

5.0 

+  .005 

0.9 

8       6      +.010 

0.9 

+  .010 

6.0       2       4     +.010 

6.0 

+  .016 

2.1 

13       8      -.001 

2.1     18       4     -.007 

2.1 

-.003 

Mt.  Hamilton  1895 

J'a,„  =— ^003          Ja„  = 

-.Oil 

3.0 

50     35         .000 

3.0     40       0     -.001 

3.0 

.000 

1.6 

3       1     +.017 

1.0       0       6     +.003 

1.6 

+  .006 

4.0 

114     76         .000 

4.0     34       6     +.001 

4.0 

.000 

3.0 

4       2     -.011 

3.0     21     41     +.002 

3.0 

+  .002 

4.9 

59     30     +.002 

4.9     14       3     +.017 

4.9 

+  .003 

3.9 

4       2     +.011 

4.0     44     44     -.002 

4.0 

-.002 

5.9 

6       3     -.007 

5.9 

-.007 

5.1 

2       1      +.014 

4.8     32     32     -.005 

4.8 

-.004 

Strassburg  1885 

J'a,„=+».001          Ja,„  = 

-^006 

0.0       4       4     -.003 

6.0 

-.003 

0.9       8     14     -.004 

0.9 

-.004 

Albany  1898 

J'a„  =  — ^004          Ja,„  = 

-^012 

1.9 

15     10     -.003 

2.0     13     16     -.007 

2.0 

—  .005 

0.9       8     10     +.004 

0.9 

+  .004 

3.1 

19       8     +.002 

3.0     45     47     -.002 

3.0 

-.001 

1.7 

9        4      +.019 

2.1     10     11     +.007 

2.1 

+  .010 

3.9 

19       8     -.002 

4.0     85     70     +.002 

4.0 

+  .001 

3.0 

6       1     +.008 

3.0     27     26     +.003 

3.0 

+  .003 

4.7 

2       1     +.015 

4.9     45     34     +.002 

4.9 

+  .002 

3.9 

2       1     -.008 

3.9     28     24     -.003 

3.9 

-.003 

5.7       7       4     -.016 

5.7 

-.016 

4.9     11       7     -.008 

4.9 

-.008 
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Comparison  of  Eye-and-Ear  with  Clironographic 
Transits. 

The  residuals,  Ju„,  of  Table  I,  so  far  as  they  have  any- 
meaning,  evidently  depend  upon  the  difference  between  the 
magnitude-equation  of  each  individual  catalogue  and  that 
of  the  Standard  Catalogue.  Therefore,  for  nearly  con- 
temporaneous catalogues  at  least,  we  maj'  eliminate  the 
magnitude-equation  of  the  Standard  Catalogue  in  finding 
the  difference  of  equations  between  two  or  more  catalogues 
of  observation.  This  was  the  first  use  of  Table  I  that 
occurred  to  me. 

After  1S50  there  are  still  many  series  of  right-ascension 
determinations  which  depend  upon  e^'e-and-ear  transits, 
which  may  be  compared  with  the  nearly  contemporaneous 
results  from  chronograiihic  registry.  Accordingly  I  divided 
the  observations  into  two  series:  Series  A,  1850-1870: 
Series  B,  1875-1890.  Washington  ISGO  and  Pulkowa  1865 
contain  a  few  observations  by  the  ej'e-and-ear  method,  but 
not  in  sufficient  number  to  impeach  their  character  as 
representatives  of  the  method  of  chronographic  registry. 
The  residuals  of  the  equatorial  zone  (Zone  II)  alone  are 
used  in  this  differential  comparison,  in  order  to  avoid  any 
possible  suspicion  that  the  final  differences  may  be  due  to 
any  other  form  of  systematic  error  than  tliat  due  to  magni- 
tude-equation. 

Rki..\tivk  Magn-itudk  Effect;    Eye-.\xii-E.\r  Tk.\xsits. 
Seiues  a. 


Stgo.       50 
(Jreenw.  50 


fape 

Kadd. 

I'aris 

l'.ni>>. 


C.O 

+.008 
—.003 
+.016 
—.002 
—.008 
—.004 


2«.0 

+.002 
—.010 
+.003 
+.002 
—.010 
+.003 


3X.0 

+fo06 
—.003 
+.00:3 
+.00.5 
—.002 
—.001 


— !o06 
+.003 
—.003 
—.00.5 
+.002 
+.001 


a^.O 

— '008 
+.009 
.000 
—.018 
+.006 
+.012 


Ox.O 


+.001 

—.013 
+.013 
+.010 


M.aiis 

+.0012 

—.0017 

+.0013 

—.0013 

+.0002 

+.0028 

Series  H. 

I'nlk. 

".') 

—.005 

—.002 

.000 

.0(H) 

—.002 

+.007 

Paris 

"."> 

—.010 

—.002 

.OIH) 

.000 

+.006 

.000 

fape 

SO 

+.01:5 

+.005 

.000 

.000 

—.008 

—.006 

Cape 

8.5 

+.010 

— .IK)1 

.000 

.(MM) 

+.002 

-.007 

Kadcl. 

90 

+.000 

+.006 

—.001 

+.001 

+  .00:$ 

+.(»08 

.Means 

+.0028 

+.0012 

—.0002 

+.0002 

+.0002 

+.0004 

l;i:i,ATIVK 

Macnm TLDi:  Effect;  Ciikoxogkai'iik  Tu 

AXSITS. 

Sehies  a. 

ox.g 

2».0 

S-.O 

4X.0 

5X.0 

0".0 

Wash. 

00 

'ooo 

+1(^3 

+!(K)2 

— .002 

+'!oo7 

+.'009 

(ireeiiw 

00 

—.001 

+.001 

.OlM) 

.000 

+.005 

+.001 

Melb. 

00 

—.004 

+.(NI2 

+.00;! 

— .0o:J 

—.007 

_ 

(Jrccnw 

64 

+.0O1 

+.(KI3 

.000 

.000 

—.003 

.000 

Cape 

05 

+.011 

+.010 

+.004 

—.004 

— .(HJ8 

—.010 

I'ulk. 

1)5 

+.004 

+.009 

.000 

.000 

—.008 

_ 

.Molb. 

"0 

—.008 

—.004 

—.002 
+.0010 

+.002 
—.0010 

—.000 
—.0029 

—.007 

Means 

+.0004 

+.0<J34 

-.0020 

Se 

llES    |{. 

Wash. 

75 

+.00:! 

+.002 

+.001 

— .tVll 

.000 

+.001 

Ilarv. 

75 

.OtH) 

— .(K)2 

+.0<tl 

—.001 

.000 

—.012 

Cord. 

75 

+.008 

+.0O5 

+.(K11 

—.001 

—.002 

_ 

Melb. 

80 

—.008 

+.001 

—.003 

+.lt02 

+.005 

+.007 

(Jreeiiw 

.80 

—.005 

—.000 

— .(H)l 

+.1101 

.(HK) 

.000 

Tiilk. 

86 

—.002 

+.001 

+.001 

— .(H»l 

.01X1 

_ 

.•^irassb 

8.5 

— .(H)4 

—.007 

—.002 

+.002 

+.002 

—.010 

.Madn. 

90 

+.014 

—.005 

+.003 

—.003 

—.008 

—.015 

Herlin 

90 

—.008 

—.003 

—.003 

+.003 

+.(H)5 

+.012 

Lisb. 

90 

—.004 

+.002 

+.002 

— .(K)2 

—.002 

- 

Means 

—.0000 

—.0012 

.0000 

—.0001 

.0000 

—.0033 

Evidently  we  may  compare  the  mea:.   . .    , ._.e- 

and-ear  observations  with  those  from  chronographic  registry 
in  the  same  series  without  fear  that  the  variation  of  the 
magnitude-equation,  or  of  other  forms  of  systematic  cor- 
rection, for  the  standard  catalogue  will  be  of  any  impor- 
tance whatever  in  the  short  interval  between  the  mean 
epochs  of  the  groups  within  each  of  the  series.  Thus,  if  we 
take  the  magnitude-equation  of  the  eye-and-ear  observations 
as  standard  we  shall  find  that  the  chronographic  nli-f-rva- 
tions  require  the  following  corrections  : 

Eve-axd-Eak  Mixfs  CnnoNOf;RAi'Hic  Tr.vxsit.s; 

SlMMAK\-. 


Magn. 

o'g 

2.0 
3.0 
4.0 
5.0 
6.0 


Series  A 
-.0008 
+  .0051 
-.0003 
+  .0003 

— .oo;u 

-.0054 


Series  B. 
-.0034 
-.0024 
+  .0002 
-.0003 
-.0002 
-.0037 


Mean 
-!0021 
+  .0014 
.0(»00 
.00(10 
-.0016 
-.0046 


From  the  last  column  we  may  conclude  that  if  the  chrono- 
graphic transits  had  been  corrected  by  —  O'.OOOS  (J/— 3.5) 
in  the  mean  there  would  have  been  close  agreement  in  the 
results  from  the  two  methods  of  observation.  This  differ- 
ence is  exceedingly  small :  and  even  at  the  ninth  magnitude 
its  effect  would  be  less  than  0'.005.  We  seem  to  be  justi- 
fied in  the  ojiinion  that,  so  far  as  it  relates  to  stars  brighter 
than  the  sixth  magnitude,  the  mean  difference  between  the 
magnitude-equations  for  eye-and-ear  and  for  chronographic 
transits  is  wholly  insignificant.  This  conclusion  appears 
to  be  based  upon  an  amount  of  testimony  which  ought  to 
be  sufficient  to  establish  it  beyond  question  ;  yet  the  history 
of  the  question  indicate.s  that  there  are  many  instances  in 
whicli  the  magnitude-e(iuation  for  eye-and-ear  transits  is  a 
small,  if  not  vanishing,  quantity ;  and  there  seems  to  me 
to  be  a  greater  proportion  of  such  instances  in  the  employ- 
ment of  the  eye-and-ear  method  than  in  that  of  chrono- 
graphic registry.  Nevertheless,  if  the  existence  of  this 
state  of  facts  were  to  be  admitted,  it  does  not  necessarily 
conflict  with  the  conclusion  that  the  mean  magnitude- 
equation  for  chronographic  transits  is  only  slightly  larger 
than  for  those  wherein  the  eye-and-ear  method  is  employed. 

This  conclusion  seems  to  justify  two  inferences  of  im- 
portance. 

1.  The  magnitude-equation  is  essentially  a  subjective 
phenomenon ;  and  its  true  explanation  belongs  to  the  field 
of  experimeut.al  psychology. 

2.  When  many  star-catalogues  are  employed  tlie  deter- 
mination of  the  proper  motions  of  the  brighter  stars  is 
pratically  independent  of  the  magnitude-equation  ;  since 
there  is  no  appreciable  difference  between  the  average 
equations  pertaining  to  the  two  methotls,  and  therefore  the 
mean  magnitude-equation  of  the  observations  previous  to 
IS.IO,  when  all  transits  were  obtained  by  the  eye-and-ear 
method,  must  be  nearly  the  same  as  for  those  subsequent 
to  that  date. 
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On  tli<>  Law  <>f  Alagiiitudc-Kqiiation. 

Although  tlie  effective  range  of  the  star-magnitudes  in- 
volved is  not  very  great  (since  tlie  weights  outside  of  the 
limits  2".0  and  5".()  are  comparatively  small)  it  seemed 
that  it  might  be  possible  to  secure  some  evidence  as  to  the 
general  law  of  variation  of  magnitude-equation  for  dimin- 
ishing magnitudes.  There  seems  to  be  uo  reason  why  the 
progression  should  be  strictly  jiroportional  to  the  magni- 
tude ;  and  there  does  seem  to  be  a  very  natural  reason  why 
the  rate  of  change  in  the  equation  should  increase  with 
diminishing  steps  of  brightness,  if  it  is  associated  in  any 
very  close  way  with  the  relative  difficulty  of  seeing.  Ac- 
cordingly the  means  were  collected  in  nearly  contemporan- 
eous groups  for  those  catalogues  which  seemed  to  -have 
equations  smaller  than  that  of  the  standard,  for  comparison 
with  those  which  apjieared  to  have  equations  decidedly 
larger  than  that  of  the  standard.  If  the  individual  equa- 
tions are  linear,  according  to  star-magnitude,  then  the 
differences  of  the  two  groups  of  catalogues  should  be  like- 
wise linear  ;  and  if,  in' the  individual  equations  there  are 
very  sensible  terms  depending  on  the  second  or  higher 
powers  of  JM,  then  such  terms  should  appear  in  the  mean 
difference  between  large  and  small  equations.  The  ma- 
terial is  selected  from  Zone  II  only. 

For  Small  minus  Large  Equatioxs. 


0>'.9 


S.MALL  Equations. 
2M.0  3>".0         4M.0 


5".0 


0".0 


Paris  on  —.008  —.010  —.002  +.002 

Pulk.  75  —.005  —.002  .000  .000 

Paris  75  —.010  —.002  .000  .000 

Melb.  80  —.008  -f-.OOI  —.003  +.002 

Berlin  90  —.008  —.003  —.003  +.003 


+.O01;  +.013 

—.002  +  007 

+.00(3  .000 

+.005  +.007 

+.005  +.012 


Means 


-.0078 


.0032 


■.0016     +.0014     +.00-10     +.0078 


Large  Equations. 


Cape  65  +.011  +.010  +.004 

Pulk.  65  +.004  +.009  .000 

Cord.  75  +.008  +.005  +.001 

Cape  SO  +.013  +.005  .000 

Cape  90  +.013  +.007  +.003 

Madn.  90  +.014  —.005  +.003 

Alb.  98  +.004  +.007  +.003 


-.004  —.008      —.016 

.000  —.008 

-.001  — .00:i 

.000  -.008      —.006 

-.003  —.009      —.017 

-.003  -.008      —.015 

-.003  —.008 


Means 


+.0096     +.0054     +.0020    —.0020     —.0073     —.0135 


If  the  line  of  means  for  the  "  Small  Equations  "  be  sub- 
tracted from  the  line  of  means  for  "  Large  Equations"  we 
shall  have  the  observed  values  of  z/'«„,  necessary  to  reduce 
the  catalogues  of  the  latter  category  to  harmony  with  those 
of  the  former. 

Small  minus  Large  Equations  ;  Values  of  //'«,_ . 


Obs'd 

Computed 

lagn. 

P 

J'tt„, 

I 

II 

0.9 

2 

+  .0174 

+  .0187 

+  .0167 

2.0 

2 

+  .0086 

+  .0108 

+  .0102 

3.0 

3 

+  .0036 

+  .0036 

+  .0036 

4.0 

3 

-.0034 

-.0036 

-.0037 

5.0 

3 

-.0113 

-.0108 

-.0117 

G.O 

1 

-.0213 

-.0180 

-.0204 

If  the  residual  at  magnitude,  2.0,  for  Madison  90  be 

rejected,  the  second  of  the  observed  values  of  .J'«,„  becomes 
+  0".0104  instead  of  +0'.00SG. 

The  weights  are  estimated  for  use  in  the  solutions.  It 
is  evident  at  once  from  an  inspection  of  the  observed  resid- 
uals, J'it„,  that  these  numbers  are  very  nearly  proportional 
to  the  difference  of  magnitudes.  They  testify  very  strongly 
both  for  the  reality  of  the  phenomenon  of  magnitude- 
equation,  and  for  the  stability  of  its  effects  upon  the  work 
of  the  observers.  The  numbers  in  column  1  are  computed 
from  the  formula, 

-0^0072  (J/-3.5); 

and  those  in  column  II  from  the  formula, 

-0'.0073  (J/- 3.5)  -0'.00034  {M-?,.5y 

Were  it  not  for  the  very  high  precision  of  the  observed 
quantities  and  their  freedom  from  the  imputation  of  syste- 
matic error  there  would  be  very  slight  ground  for  prefer- 
ring one  of  these  formulas  over  the  other.  However  this 
may  be,  we  seem  to  be  justified  in  the  conclusion  that,  for 
the  brighter  stars,  the  magnitude-equation  is  very  nearly 
proportional  to  star-magnitude, . —  so  nearlj'  so  that  a  rigid 
investigation  of  the  adopted  magnitude-scale  itself  would 
be  necessary  before  a  more  definite  conclusion  can  be  main- 
tained. 

When  the  equation  is  extended  to  fainter  stars  we  pos- 
sess some  further  evidence  on  this  point.  Some  of  the  best 
determinations  of  magnitude-equation  with  screens  indicate 
very  slight,  or  no,  increase  in  the  rate  of  the  effect 
with  diminishing  brightness.  In  other  instances,  however, 
notably  in  the  case  of  A.G.  Cambridge  (Eng.)  (M.N.Yol.  LX, 
Turner),  and  A.G.  Leipsic  (A.N.  3854)  the  rate  of  magni- 
tude-equation appears  to  increase  rapidly  with  diminishing 
brightness  of  the  star,  so  that  even  a  higher  power  of  JM 
than  the  second  is  needed  to  indicate  the  change  of  rate. 

On  the  whole  we  may  conclude  that  for  stars  brighter 
than  the  seventh  magnitude  the  rate  of  the  equation  in  its 
relation  to  magnitude  is  usually  very  nearly  linear,  with  a 
tendency  in  some  cases  to  increase  with  diminishing  bright- 
ness of  the  star. 

The  evident  trustworthiness  and  precision  of  the  means 
upon  which  the  foregoing  conclusions  were  based  induced 
me  next  to  examine  the  question  as  to  the  absolute  magni- 
tude-equation of  the  Standard  Catalogue.  Contrary  to  the 
impressions  I  had  formed  from  following  the  published 
papers  on  magnitude-equation  during  more  than  twenty 
years,  —  impressions  which  had  nearly  deterred  me  from 
making  this  investigation  at  all,  —  1  found  the  individual 
determinations  of  magnitude-equation  consistent  in  a  degree 
fully  as  high  as  could  have  been  anticipated  from  a  hope- 
ful estimate  of  their  value.  That  such  determinations  have 
hitherto  been  regarded  by  many  as  untrustworthy,  if  not 
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entirely  illusory,  is  abundantly  evident  from  positive  com- 
ments to  that  effect,  from  inconsistent  conclusions  reached 
in  various  investigations,  from  the  various  devices  in- 
vented to  get  rid  of  the  magnitude-equation,  from  the 
fact  that  many  observers  of  skill  and  experience  make 
no  attempt  to  determine  this  equation  for  their  own 
observations,  and  from  the  further  fact  that  no  one,  as 
yet,  has  ventured  to  publish  a  series  of  right-ascensions 
actually  corrected  for  maguitude-equation,  although  an 
intention  to  do  this  in  the  future  lias  been  expressed 
by  more  than  one  observer. 

Every  catalogue  of  observation  for  which  the  magnitude- 
equation  is  known  by  observation  with  screens,  or  other- 
wise, furnishes  a  means  of  determining  tlie  absolute 
magnitude-equation  of  the  Standard  Catalogue.  Let  us 
consider  these  in  turn. 

Pulkowa  1875.  Romheko  did  not  determine  his  magni- 
tude-equation ;  but  as  his  observations  are  nearly  con- 
temporary with  those  of  the  Albany  and  Berlin  (Becker) 
A.G.  zone-observations  for  which  absolute  magnitude-equa- 
'tious  were  determined,  it  is  possible  to  utilize  the  comparison 
with  tliese  zone-observations  to  determine  the  absolute 
equation  of  IIombeug's  right-ascensions.  In  order  to  utilize 
these  comparisons  to  good  advantage  it  is  desirable  to  know 
the  relations,  Herl.— I'ulk.  and  Alb.— Bulk. ,  at  the  magnitude 
4.0.  Theoreticallj',  since  all  of  these  observations  are  based 
upon  the  same  standard  catalogue,  the  Fundamental-Catalog 
of  Dr.  AuwERS,  these  differences  should  be  zero.  Practi- 
cally, they  may  differ  sensibly  from  this  value ;  and  the 
determination  of  this  quantity  is  the  weakest  point  in  the 
comparison.  After  most  careful  attention  to  all  the  evi- 
dence, direct  and  indirect,  I  have  adopted  the  following: 

At4''.():         Berlin  -  I'ulkowa  =      ('.000 
Albany -Bulkowa  =  +0.00;i 
Combining  with  these  results  the  comparison,  Berlin  — Pulk., 
contained  in  the  Berlin  A.G.  Catalogue  [Int.,  p.  (10)],  and 
of  Albany- Bulk.  {A.J.,  XVIII,  p.  118)  I  find  the  absolute 
equation  of  Bulk.  75  to  be: 

through  Berlin,      -o'loOoS 
through  Albany,    -0.0037 

Pulk.  75,  adopted,  —0.0045,  jjcr  magnitude. 

Cape  1885.  The  magnitude-equation  of  this  catalogue 
is  given  by  Sir  David  Gill  as  {Int.,  p.  XLI), 

-O'.Oll 
and  this  is  recommended  for  adoption.  Since  the  observa- 
tions were  made  by  the  ej'e-and-ear  method  this  determi- 
nation of  magnitude-equation  is  probably  entitled  to  much 
smaller  weight  than  would  be  assignable  to  one  depending 
on  chronographic  registry,  liecause  of  tiie  great  difficulty 
in  securing  a  number  of  observations  s\irticiently  great  to 
overcome  the  casual  errors  of  determination. 


Berlin  1890.  For  Kustxek's  magnitude-equation  we 
have  his  statement  (A.X.  142.  p.  118)  in  connection  with 
the  remark  of  Dr.  Auwer.s  [.1. 0.  Berlin  (  Auwer.s j,  p.  (133)], 
and  also  the  explanation  of  Kustxer  in  the  Publications  of 
the  Bonn  Observatory  {Heft  4,  pp.  41  and  42),  from  which 
I  assume  as  the  eipiation  of  Berlin  91 », 

-0'.0040 

This  depends  upon  the  differential  places  in  a  helionietric 
triangulation. 

Cape  90.  The  details  of  the  determination  of  magnitude- 
equation  for  Cape  90  are  given  in  the  introduction  to  the 
Catalogue  (pp.  XL  and  XLII),  and 

-0-.0139 

is  there  adopted  and  recommended  for  aj)i)lication  to  the 
right- ascensions  of  the  catalogue. 

Berlin  1895.  Battermaxx  determined  his  magnitude- 
equation  in  several  series.  Following  is  a  summarj'  of  his 
determinations  taken  from  the  introduction  to  his  cata- 
logue. 

1894,  usual  method,  -o'oiOO  (.V-4)  _(K0008(:J/-4)» 

1897,  usual  method,  -0.0103  -0.0005 

By  alternate  transits,  -0.0110  -0.00146 

Reduced  aperture,  -0.0070 (.V-4) 

The  latter  value  he  seems  to  consider  the  most  trust- 
worthy, but  doubts  whether  it  is  applicable  to  transits  with 
full  aperture.  In  view  of  all  the  evidence  I  adopt  as  Bat- 
termann's  equation  for  bright  stars, 

-0'.009 

3It.  Hamilton  1895.  In  the  introduction  of  his  cata- 
logue for  1895  (Pub.  Lick  Obs.,  Vol.  IV,  p.  22)  Professor 
Tucker  states  that  his  equation  from  screen-observations 
is 

-0'.009 

but  lie  appears  to  entertain  grave  doubts  as  to  the  realitj- 
of  the  effect.  The  result  is  based  upon  75  single  determi- 
nations, and  I  see  no  reason  whj'  it  should  not  be  entitled 
to  confidence. 

Alhnny  1898.  The  determination  of  the  magnitude- 
equation  for  this  series  of  observations  rests  upon  a  large 
number  of  observations,  and  has  been  adopted  in  the  com- 
putations for  the  Albany  Catalogue  now  in  progress.  •  This 
equation  is  (.(../.  XXII,  p.  99). 

-0'.0132  (,.!/- 4)    -0'.00019  (.V-4)' 

Bonn  1900.  KOstneu  has  given  special  attention  to  the 
determination  of  his  magnitude-equation,  and  in  a  paper  of 
great  interest  (.(.-V.  3778)  determines  the  magnitude-equa- 
tion of  the  Fundamental-Cataloij  of  Dr.  Ai'WERS  to  be 

-O'.OOo 
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Much  evidence  bearing  on  this  point  is  contained  in  the 
several  introductions  of  the  recent  publications  of  the  JJonn 
Observatory  (Nos.  4,  5  and  (>).  From  these  sources  we  get 
the  following  determinations  of  Ki-stnkk's  magnitude- 
equation,  together  with  the  corresponding  equation  of  F.  C. 


Zone 

0°to  +18° 
+  18  to   +.">() 

+  ;U)  to  +r.i 


Kiistner 

+  (Mt():() 
-0.0041 

-().(Hi;!(; 


F.C. 

-o!()043 
-0.0053 
-0.0034 


One  is  struck  with  the  exceptional  equation  of  the  observer 
for  zone  0°  to  +18°.  His  previous  equation  at  Berlin  had 
been  —  0'.004,  as  alreadj-  stated,  and  to  this  value  he  re- 
turned again  in  the  second  zone  observed  at  Bonn.  But 
the  consistency  of  the  equation  for  F.  C.  in  the  first  zone 
with  the  other  values  found  in  later  zones  seems  to  estab- 
lish the  reality  of  the  abnormal  change.  Since  the  revised 
Fiin(lnmr,nfal-C>it(ilo;j  depends  essentially  on  the  same 
modern  authorities  upon  which  my  Standard  Catalogue  is 
based  1  shall  assume  that  the  equation  which  Kustner 
found  for  the  former  is  equally  applicable  to  the  latter. 

We  are  now  ready  to  combine  the  various  determinations 
of  absolute  magnitude-equation  to  ascertain  the  absolute 
equation  of  the  Standard  Catalogue.  The  process  is  very 
simple,  and  needs  merely  to  be  indicated.  For  instance, 
we  find  the  magnitude-equation  of  Pulkowa  75  to  be 
—  0'.0045  (.1/— 3.5).  If  we  apply  this  to  the  right-ascensions 
of  RoMBEKo's  Catalogue,  and  then  compare  the  corrected 
right-ascensions  with  those  of  the  Standard  Catalogue,  we 
shall  arrive  at  the  same  result  that  we  shall  have  if  we  alter 
the  numbers  in  the  last  column  of  the  sub-table  for  Pulk.  75 
in  Table  I  by  the  addition  of  +0^0045(J/-3.5).  Then  re- 
versing the  signs  of  these  quantities,  so  corrected,  to  make 
them  applicable  as  corrections  to  the  Standard  Catalogue, 
we  shall  have  the  observed  corrections  given  bj'  Pulk.  75  to 
the  Standard  Catalogue  for  the  magnitude-effect.  Proceed- 
ing in  this  manner  we  have  the  following  observed  values 
of  the  magnitude-effect  as  determined  through  the  respec- 
tive catalogues  of  observations. 

Observed  Values  of  z/«,„  fok  Determination  of  the 
Absolute  Magnitude-Equation-  ok  the  Standard 
Catalogue. 


Magnitude      0". 


:.'>'.0 


3>'.0 


4>'.o 


0>'.0     Wt. 


llu-oi 

Pulk 

75 

Cape 
Berl. 

85 
90 

Cape 
Berl. 

90 
95 

Mt.H.95 

Alb. 

98 

Bonn  97 

+  .017  +.015   +^003   -.003  -.009  -.018 

+  .019  +.018   +.006   -.006  -.018  -.019 

+  .020  +.012  +.005   -.005  -.010  -.022 

+  .023  +.018   +.004   -.004  -.011  -.021 

+  .013  +.012  +.004   -.003  -.019  -.038 

-  +.014  +.002   -.002  -.017  -.020 

+  .028  +.008  +.004   -.002  -.011 

+  .013  +.007   +.002   -.002  -.007  -.012 


(assigning  weight,  2,  to  the  residual  at  O^.g  for  Berlin  90 
which  depends  on  only  five  stars)  we  have  in  the  third 
column  of  the  following  table  the  mean  observed  magnitude- 
equation  of  the  Standard  Catalogue. 


Collecting  the  means  bv  weight  nf  the  vertical  columns 


SuiMMAltV 

II-     OllSERVKI)     M 

agnitude-Equation  for 

Standard 

Catalogue. 

Magn. 

P           J«„,  (()) 

Ja„  (C) 

C  — () 

0"9 

1            +o!o]85 

+  0'0199 

+  0^0014 

2.0 

;;        +0.0122 

+  0.0115 

-0.0007 

;;.() 

(•)            +0.0036 

+  0.0038 

+  0.00()L' 

4.0 

(;          -0.0033 

-0.0038 

—  0.00(15 

4.9 

3           -0.0109 

-0.0107 

+  0.0002 

6.0 

0.5        -0.0193 

-0.0192 

+  0.0001 

Employing  the  relative  weights  in  the  second  column  I 
find  the  magnitude-equation  of  the  Standard  Catalogue  to 
be 

— 0.0077  (3/-3.5) 

and  this  is  adopted.  The  fourth  column  is  derived  from 
this  equation,  and  the  last  column  exhibits  the  discrepancies, 
C — 0.  It  will  be  seen  that  a  large  weight  has  been  attrib- 
uted to  the  determinations  of  Kustner  both  at  Berlin  and 
Bonn.  The  Berlin  determination  rests  upon  the  observa- 
tion of  37  stars,  the  relative  places  of  which  were  deter- 
mined by  the  heliometric  triangulation  of  Gill.  Of  these, 
31  stars  are  between  the  magnitude  7". 4  and  8". 5,  and  only 
6  stars  are  brighter  than  7".0,  of  which  the  brightest  is 
5". 7.  Yet,  on  account  of  the  difference  of  method,  together 
with  the  high  precision  and  homogeneity  of  Kustner's 
Berlin  observations,  it  seemed  to  me  that  the  assigned 
weight  was  not  relatively  too  great.  It  so  happens  that 
the  result  of  this  determination  is  very  near  the  mean  of 
all.  As  to  the  Bonn  determination,  it  represents  the  most 
elaborate  series  of  determinations  of  magnitude-equations 
which  has  been  attempted,  and  were  it  not  for  the  anom- 
alous result  in  the  first  zone  {Heft.  4)  there  could  be  no 
question  as  to  the  weight  to  which  it  is  entitled. 

On  the  whole  there  seems  to  be  little  likelihood  that  the 
magnitude-equation  of  my  Standard  Catalogue  is  less  than 
— 0'.007,  or  more  than  —  0'.009.  The  probable  error  of  the 
coefficient,  — 0^0077,  I  estimate  to  be  about  ±0'.0005; 
though  its  nominal,  or  computed,  jirobable  error  is  only 
±0'.00014,  which,  in  the  present  instance,  has  no  real 
meaning. 

Provided  with  the  coefficient  of  magnitude-equation  for 
the  Standard  Catalogue,  determined  with  a  precision  ap- 
parently- very  great,  the  suggestion  follows  of  itself  that 
we  should  attempt  to  determine  the  absolute  magnitude- 
equations  of  the  individual  catalogues  of  observation.  In 
the  last  column  of  each  sub-table  in  Table  I,  under  the  cap- 
tion, Ja„,,  are  the  observed  corrections  necessary  to  reduce 
the  individual  catalogues  into  systematic  conformitj-  with 
the  Standard  Catalogue  in  so  far  as  star-magnitude  is  the 


y"  o'm; 
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argument  for  systematic  correction.  By  means  of  con- 
ditional equations  the  systematic  difference  of  magaitude- 
efjuatioii,  J'u„,  between  each  catalogue  and  the  Standard 
Catalogue  has  been  determined,  and  the  result  is  shown  in 
full-faced  type  over  the  middle  of  each  sub-table.  These 
are  the  efjuations  which,  applied  to  the  right-ascensions  of 
the  several  catalogues  of  observation,  are  supposed  to  bring 
them  into  systematic  harmony  with  those  of  the  Standard 
Catalogue.  Adding  to  these  tiie  adopted  magnitude-equa- 
tion of  the  Standard  Catalogue,  —  O'.OOTT,  we  derive  the 
absolute  magnitude-equation,  J«„,  for  each  catalogue,  as 
shown  by  the  second  of  the  (juantities  in  full-faced  type 
over  each  of  the  sub-tables  contained  in  Table  I. 

For  mauj'  of  the  older  catalogues  the  determination  of 
z/'«,„  is  very  uncertain,  both  because  of  the  small  range  of 
magnitude  involved  and  also  because  of  the  small  weight 
of  the  observed  residuals.  At  most,  the  values  of  z/«„  for 
these  are  but  rude  approximations  to  the  true  result.  For 
some  of  the  later  catalogues  the  results  are  entitled  to  a 
fair  degree  of  confidence,  as  appears  from  the  following 
schedule  of  those  for  which  it  is  possible  to  compare  with 
the  magnitude-equations  determined  by  the  respective 
observers. 

Comparison  ok  Observed  ani>  (Computed  Equations. 


Comp. 

Obs. 

C-O 

Pulk. 

75 

-0.0050 

-0.0045 

-0.0005 

Cape 

So 

-0.007S 

-0.0110 

+  0.0032 

Cape 

90 

-O.OIL'5 

-0.0139 

+0.0014 

Berlin 

00 

-0.0():i3 

-0.0040 

+  0.0007 

Berlin 

95 

-0.0()7() 

-0.0090 

+  0.0014 

Mt.H 

95 

-0.0106 

-0.0090 

-0.0016 

Alb. 

98 

-0.0115 

-0.0130 

+  0.0015 

Bonn 

99 

-0.0027 

The  C  — O  for  Bonn  1S99  is  inferred  through  comparison 
of  its  determination  of  the  absolute  equation  of  the  standard, 
—  O'.OOo,  with  the  adopted  value,  — 0*.0077.  The  mean 
difference  between  the  observed  and  computed  values  with- 
out regard  to  weight  is  0'.0016,  and,  assuming  that  the 
error  is  equally  due  to  the  observed  and  computed  values, 
it  follows  that  the  average  error  of  the  computed  equation 
is  ±O'.O011. 

Madras  35  (Dowm.\<;'s  reduction »  and  Madras  75,  though 
each  is  of  very  low  weight,  and  subject  to  many  anomalous 
errors,  have  been  investigated  for  magnitude-equation. 
The  observations  extend  into  three  zones.     We  have. 


Madras  35. 
Ma''ii.         /oni' 


0.9 
2.0 
3.0 
4.0 
4.9 

(;.o 


14    1 

27-1 
41    1 


-.003 
-  .005 
-t-  .(105 


8-1 
14-2 
51-5 
123-9 
71-5 
13   1 


-.001 
+  .00  1 
-.001 
+  .001 
-.031 
-.040 


n;  1 

39-1 
50-1 
30-1 


-.001 
+  .001 
-.0(tl 
-.021 


Moans 

-'ooi 

+  .001 
-.001 
+  .001 
-  .028 
-.040 


From  the  final  means  I  find  for  the  absolute  magnitnde- 
equationj  — 0'.016  ;  but  if  a  terra  depending  on  the  second 
power  of  JM  be  introduced  the  equation  becomes  : 

-0'.016(.V-3.5)  -0V0044 ^.V-3.5)= 

The  extension  of  the  present  work  to  stars  of  fainter 
magnitude  will  afford  a  test  of  the  interesting  question 
whether  the  apparently  rapid  increase  of  the  equation  for 
fainter  stars  is  merely  due  to  the  systematic  instability  of 
the  catalogue,  or  to  a  real  deviation  of  the  form  indicated. 
To  some  extent  tiiis  same  peculiarity  appears  in  Madras  75 ; 
and  this  raises  the  question  whether  this'  phenomenon  may 
be  attributed  to  a  racial  peculiarity.  The  table  for  Ma- 
dras 75  follows. 


Madras  75. 

Magn.        Zone  I 

/one  11 

/...I 

IP  111 

>fc3ns 

0.9 

,S-   3    —  .Odii 

—  .1  mm; 

2.0     15-1    +.004 

14_  4    +.006 

18-1 

-.018 

+  .(MI1 

3.0     27-1   -.019 

51-15   -.004 

42-2 

-.006 

—  .005 

4.0     39-1    +.019 

123-22   +.004 

48-1 

+  .006 

+  .005 

4.9 

71-11    -.012 

27-1 

-.035 

-.014 

5.9 

11-2   -.020 

-.020 

The  absolute  nuvguitude-equation  may  be  taken  as  —  O'.OIO ; 
but  if  a  term  depending  on  {JM)"  be  introduced  it  becomes. 

-O'.OIO  (.1/-3.5)   -0'.0024  (J/- 3.5)= 

The  assumption  that  the  magnitude-ecjuatiou  of  the 
Standard  Catalogue  does  not  sensibly  vary  from  one  epoch 
to  another  rests  wholly  on  the  soundness  of  the  conclusion 
that,  in  the  mean,  the  equation  for  eyeand-ear  transits  is 
the  same  as  for  chronographic  registry.  As  a  further 
check  upon  this  deduction  it  may  be  of  interest  to  institute 
a  comparison  between  the  absolute  equations  as  determined 
in  Table  I,  for  the  period  1850  to  1890. 

Maonitude-Eouatioxs  Compared. 


Stgo. 

Gch. 

Cape 

Radcl. 

Paris 

Bruss. 

Pulk. 

Paris 

Cape 

Cape 


80 

85 

Radcl.  90 


•e-anJ-Ear 

C 

ironograpUic 

Jo» 

l> 

Ja. 

P 

-!012 

1 

Washn 

60 

-!006 

o 

-.005 

2 

Gch. 

60 

-.007 

2 

-.((11 

O 

Melb. 

60 

-.009 

1 

-.013 

1 

Gch. 

64 

-.009 

2 

-  .003 

4 

Cape 

65 

-.014 

1 

-.004 

1 

Harv. 

tir> 

-.013 

1 

-.005 

1 

Melb. 

SO 

-.007 

2 

-  .005 

3 

Gch. 

72 

-.009 

2 

-.011 

o 

Washn. 

75 

-.008- 

5 

-.008 

3 

Harv. 

75 

-.007 

1 

-  .008 

1 

Cord. 

75 

-.010 

2 

Melb. 

80 

-.005 

1 

Gch. 

80 

-.007 

4 

Pulk. 

85 

-.0«1S 

2 

Strass. 

So 

-.006 

o 

Gch. 

90 

-.006 

4 

Madn. 

90 

-.013 

1 

Berlin 

90 

-.003 

1 

Lisbon 

90 

-.008 

1 

Oli 
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The  relative  weights  are  based  partly  upon  the  trust- 
worthiness of  the  comparisons,  and  parti}'  upon  the  num- 
ber of  observers  who  took  part  in  the  various  series.  The 
means  by  weights  are  presented  in  the  last  column  of  the 
subjoined  statement,  and  the  arithmetical  means  are  in  the 
preceding  cohinin. 

.Series     Arilh.  .Means   WeisjlUed  Means 


Kye-and-ear 
Chronographic 


11 
1'.) 


-0.0077 
-0.008L' 


-0.0070 
-0.0078 


Ci>I;I:E(TI0.\    of    CAMIlKIUfiK    A.G.    KOK 
]SlA(;NITt'DK-EQrAriON. 


The  result  of  the  direct  comparison  is  confirmed. 

Another  question  arises  as  to  the  application  of  the  equa- 
tions to  observations  at  a  great  distance  from  the  equator. 
The  testimony  from  Zones  I  and  III  in  Table  I  is  entirely 
insufticient  to  afford  an  answer  to  this  question.  But  since 
the  amount  of  the  e([uation  seems  to  be  practically  independ- 
ent of  the  magnifying  power  employed  we  may  infer  that  the 
equations  appl)'  in  full  force  to  60°  of  declination  at  least. 
It  would  be  very  difficult  to  test  this  question  for  higher 
declinations  by  actual  observation  without  an  expenditure 
of  labor  which  might  be  regarded  as  disproportioned  to  the 
end  to  be  attained.  V'ery  little  harm  can  result  from  the 
assumption  that  the  equation  apjilies  to  all  declinations ; 
since  for  the  higher  declinations  its  actual  effect  upon  the 
right-ascension  is  in  proportion  to  cos  8. 

It  is  evident  that  all  our  conclusions  from  this  discussion 
are  strictly  applicable  to  observations  of  the  brighter  stars 
only.  There  is  no  reasonable  doubt,  however,  that  in  most 
instances  the  inferences  may  be  extended  to  the  observa- 
tions of  stars  somewhat  fainter  than  the  sixth  magnitude,  — 
perhaps  to  the  magnitudes  7".0  or  8".0.  As  a  rule  the 
determination  of  magnitude-equation  b}'  the  employment 
of  screens  indicates  a  linear  relation  of  the  magnitude- 
effect  down  to  stars  as  faint  as  the  eighth,  or  ninth,  magni- 
tude, so  that  most  observers  appear  to  doubt  whether  any 
term  involving  (J3I)-  has  any  real  existence.  On  the 
other  hand  there  are  doubtless  exceptions  to  this  rule,  as 
in  the  cases  of  the  Cambridge  and  Leipsic  A.  G.  zones 
already  cited.  Modifying  the  result  of  Professor  Turner's 
paper  on  the  right-ascensions  of  the  Cambridge  A.G.  zone 
(M.y.jliX),  taking  into  account  the  comparison  by  which 
he  demonstrates  the  equality  of  magnitude-equations  for 
Greenwich  80  and  Cambridge  relative  to  the  brighter  stars, 
and  accepting  the  result  of  the  present  discussion  which 
assigns  —  O'.007  as  the  magnitude-equation  of  Greenwich  80, 
we  may  tabulate  the  magnitude-effect  of  Cambridge  A.G. 
approximately  as  in  the  following  table. 

It  is  very  probable  that  other  equally  striking  examples 
of  the  non-linear  effect  of  the  magnitude-equation  will  be 
discovered  hereafter,  so  that,  whatever  the  general  rule 
may  be,  its  application  cannot  be  considered  as  inflexible. 


1.0 

+  0.021 

G.O 

— 0.020 

2  0 

+  0.014 

7.0 

-0.040 

3.0 

+  0.007 

8.0 

-0.071 

4.(1 

0.000 

9.0 

-0.116 

/).() 

-0.007 

10.0 

-0.182 

Allusion  should  be  made  to  one  source  of  uncertainty 
which  has  not  been  mentioned  in  the  foregoing  discussion. 
This  relates  to  the  fact  that  manj'  of  the  transits  upon 
which  the  comparisons  depend  were  observed  in  daylight. 
These,  of  course,  form  but  a  small  part  of  the  entire 
material,  and  their  influence  is  limited  to  the  fourth  mag- 
nitude. It  may  reasonablj-  be  doubted  whether  these  fol- 
low the  same  law  as  the  transits  obtained  at  night.  To 
have  separated  the  two  classes  of  observations  would  have 
been  impracticable  in  many  cases,  aiul  a  task  of  forbidding 
proportions  in  others.  We  may  suppose,  however,  that 
much  the  same  differential  effects  obtain  in  the  daylight 
transits  as  in  those  of  the  night,  and,  therefore,  that  the 
commingling  of  results  may  not  have  produced,  on  the 
whole,  serious  anomalies. 

In  this  same  connection  it  should  be  observed  that  the 
determination  of  equinox-correction  is  involved  in  this 
dift'erenee  between  daylight  and  night  observations  ;  though 
it  is  extremely  probable  that  the  errors  to  be  feared  from 
this  source  are  not  important  in  comparison  with  constant 
errors  in  observed  transits  of  the  sun. 

The  Catalogue  of  627  Standard  Stars  may  readily  be 
freed  from  the  effect  of  magnitude-equation  by  the  appli- 
cation to  the  right-ascensions  of  the  correction,  —  0'.0077 
(M—3.5).  This  will  not  disturb  the  position  of  the  adopted 
equinox  to  any  sensible  degree ;  and  in  the  case  of  an 
observer  who  has  thoroughly  determined  his  magnitude- 
equation,  the  adoption  of  this  course  will  doubtless  lead  to 
a  sensible  improvement  in  the  accordance  of  results  for  the 
correction  of  the  clock.  This  course  has  been  adopted  in 
the  reduction  of  the  transits  for  the  Albany  catalogue. 

The  determination  of  absolute  magnitude-equation  should 
be  regarded  as  an  indispensable  requisite  in  all  observations 
aiming  at  precision.  There  is  every  reason  to  believe  that 
this  can  be  accomplished  successfully  by  the  use  of  wire-gauze 
screens  to  produce  artificial  diminution  of  magnitude,  pro- 
vided the  amount  of  absorption  is  at  least  2". 5.  The  gain 
in  the  value  of  the  results  more  than  compensates  the  com- 
paratively small  amount  of  extra  observing  and  computing 
involved,  even  when  the  determination  is,  as  it  should  be, 
much  more  complete  than  has  usually  been  the  case. 
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THE    TRUE    KADH    OF    CONYERGEXCE     OF     THE    EXPKESSIOXS    FOR    THE 

RATIOS   OF   THE   TRTAXGLES   WHEX   DEVELOPED  AS 

POWER-SERIES   IX   THE   TLME-IXTERYALS, 

By  F.  R.  JIOULTOX. 


1.  IxTKODUfTioN.  The  computation  of  the  elements  of 
an  unknown  orbit  from  three  complete  observations  consists 
of  two  distinct  parts :  (a)  the  determination  of  the  helio- 
centric coordinates  of  the  body  in  question  at  the  epochs 
of  the  observations ;  and  (b)  the  determination  of  the  ele- 
ments from  the  time-intervals  and  the  data  given  by  (a). 
Of  these  two  parts,  (b)  has  given  most  of  the  theoretical 
and  practical  difficulties.  In  the  Astronomical  Journal, 
No.  olO,  the  author  has  given  a  solution*  of  (i)  which  from 
both  a  practical  and  a  theoretical  stand-point  leaves  little 
to  be  desired. t  There  is  one  limitation  to  the  application 
of  the  method,  however,  arising  from  the  fact  that  it 
depends  upon  the  use  of  infinite  series  which  converge  only 
for  sufficiently  small  values  of  the  heliocentric  angular 
motions.  P>ut  their  true  radii  of  convergence  were  exactly 
determined,  and  it  was  remarked^  that  this  is  not  an  ob- 
jection of  importance  since  the  same  sort  of  limitation 
occurs  in  (n). 

In  this  paper  it  is  proposed  to  find  the  true  radii  of  con- 
vergence for  the  series  emploj-ed  in  («)  in  all  the  cases 
which  can  arise. §  It  will  be  shown  that  the  series  de- 
veloped in  (/')  always  may  be  used  when  the  time-intervals 
are  such  that  those  occurring  in  (a)  are  of  practical  value. 

Tables  will  be  inserted  to  make  the  theoretical  conclu- 
sions arrived  at  of  immediate  value  to  the  computer  with- 

*A  General  Method  of  Determining  the  Klements  nf  Orbits  of  All 

Eccentricitifufroui  Three  OhKervations. 
1  This  occasion  is  talvon  to  iiialie  note  of  llie  following  errors  : 
On  ji.  -II!,  ooliiinn  2,  line  ."i,  read  •' ijcoeeiitric  "  instead  of  "Iiclio- 

centrie." 

On  p.  45,  column  2,  at  bottom,  read  "  i--""  instead  of  "  r^,." 


On  p.  47, 


:>lumn  2,  line  12,  read 
-1' 


..(: 


instead  of  "  cos 


•(-■)■■ 


Xliir.  i-it.  p.  44.  rolunin  I. 

§  Dr.   \V.   .\.   ll.vMii.TON  lias  aiven  the  complete  solution  of  the 
proldcMi  in  the  case  of  parabolic  orbits  in  a  memoir  in  A.  J.,  Xo.  53:1. 


out  labor  on  his  part.  Finally,  it  will  be  shown  to  what 
extent  tlie  question  of  convergence  enters  in  some  of  the 
other  principal  methods  of  determining  orbits. 

2.       EXPKKSSIOKS     FOR     THE    RATIOS    OF    THK    TlIIANCLES. 

Let  the  epochs  of  the  three  observations  be  t^,  t„,  and  ^,, 
and  let  the  corresponding  heliocentric  distances  of  the  body 
be  r, ,  ?•„,  and  r,.  The  triangles  in  question  are  the  projec- 
tions on  the  planes  of  reference  of  those  contained  between 
the  Tj,  taken  two  at  a  time,  and  the  chord  joining  their 
extremities.  There  are  three  of  these  triangles  arising 
from  the  three  combinations  of  r,,  r,,  and  r, .  The  ratios 
of  the  projections  of  the  triangles  are  equal  to  the  ratios  of 
the  triangles  themselves,  the  case  where  the  plane  of  the 
orbit  coincides  with  one  of  the  fundamental  planes  being 
excluded.  Therefore  the  problem  may  be  considered  in  the 
plane  of  the  orbit  without  any  loss  of  generality. 

Take  the  plane  of  motion  as  the  ry-plane.  and  suppose 
the  positive  end  of  the  a--axis  is  directed  toward  the  peri- 
helion point.  Let  the  rectangular  heliocentric  coordinates 
at  the  epoch  tj  be  x^,  ijj,  J  =  1,  2,  3.  Then  the  expres- 
sion for  the  ratio  of  the  triangles  may  be  written  in  the 
form 


a-.y,— »/«*i 


(1) 


where  i  ±j,  k  ±  I,  and  /../,  k,  I  =  1,  2,  or  3. 

It  follows  from  well-known  theorems  respecting  tlie 
multiiilication  and  addition  of  power-series  that,  if  /.  i/ , 
etc.,  are  developable  into  power-series  with  a  common  realm 
of  convergence,  then  the  mimerator  and  denominator  of  (1) 
are  separately  developable  into  power-series  which  con- 
verge in  tliis  common  realm.  Therefore  the  first  problem 
is  to  find  the  conditions  under  which  x  and  ;>  may  l>e  ex- 
pressed as  converijent  power-series  in  t  —  t^.  Since  the 
motion  is  by  hypothesis  undisturbed  these  variables  are 
defined  by  the  differential  equations 

(93) 


94 
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(2) 


d-x 
lit- 


=  -k-{l+m)-- 


Suppose  X  =  r^  ,  1/  =  >/^  at  t  =  t^.  If  the  right  mem- 
bers of  (2)  are  regidar  for  x  =  x^  ,  y  =  y^,  it  follows  that 
a-  and  //  are  expansible  as  power-series  in  t—t^  which  con- 
verge so  long  as  the  modulus  of  this  argument  is  sufficiently 
small.*  Consequently,  the  time-intervals  may  always  be 
taken  small  enough  in  the  actual  case  so  that  the  processes 
are  valid,  but  the  methods  of  both  Caught  and  Harzek 
prove  only  the  existence  of  the  limit  without  giving  its 
true  value  with  any  approximation.  For  example,  when 
the  eccentricity  of  the  orbit  equals  zero, 
.„         {  .T  =  a  cos  nt 


1/  =  a  sin  nt 

where  a  is  the  major  semi-axis  and  n  is  the  angular  velocity. 
In  this  case  .r  and  y  are  expansible  as  permanently  con- 
verging power-series  in  t  —  t^  for  any  initial  t^,  while  the 
methods  of  Cauchy  and  Harzer  give  only  a  small  value 
of  |<— <j||.  In  the  case  of  parabolic  orbits  Hakzer's  ex- 
istence formula!  gives  results  which  are  90%  in  error,  the 
true  limit  being  found  by  Hamilton's  formula.} 

Before  the  expression  (1)  is  used  in  practice  the  quotient 
of  the  two  power-series  into  which  they  are  expanded  is 
taken,  and  hence  the  radius  of  convergence  is  limited  still 
further  by  the  poles  which  are  defined  by  the  vanishing  of 
the  denominator.  Therefore  two  problems  are  to  be  solved. 
(A)  To  find  the  conditions  under  which  the  rectangular  co- 
ordinates may  be  expanded  as  convergent  power-series  in 
the  time,  and  (B)  to  find  the  conditions  under  which  the 
denominator  of  (1)  may  vanish. 

3.  The  Singular  Points  of  the  Rectangular  Co- 
ordinates Considered  as  Functions  of  the  Time.  Let 
the  following  notation  be  adojited  : 

«  =  major  semi-axis, 

e  =  the  eccentricity, 

p  =  the  parameter, 

«  =  the  mean  motion, 

T  =  the  time  of  perihelion  passage, 

31  =  the  mean  anomaly, 

r  =  the  true  anomaly, 

JS  =  the  eccentric  anomaly  in  elliptic  motion, 

F  =  the  corresponding  auxiliary  in  hyperbolic  mo- 
tion. 


*  This  theorem,  which  has  been  the  basis  for  a  very  large  part  of  the 
rigorous  developments  of  the  theory  of  differential  equation.^,  was 
given  by  Cauchy  in  Comptes  Rendus,  July  4,  1S42,  {Coll.  Works, 
1st  Series,  Vol.  VII,  p.  5,  et  seq.).  Harzer,  in  the  Publications 
of  the  Kiel  Observatory,  Vol.  XI,  p.  24,  et  seq.,  has  arrived  at  the 
same  results  in  the  special  case  imder  present  discussion  by  succes- 
sive simplifications  of  the  actual  series. 

floe,  cit.,  p.  30. 

f  Astronomical  Journal,  No.  533,  Eq.  (IS). 


It  is  necessary  to  treat  elliptic,  parabolic,  and  hyperbolic 
motion  separately,  and  they  will  be  discussed  in  this  order. 

(a)   Case  of  Elliptic  Motion.     In  elliptic  motion  the  fol- 
lowing equations  are  true  :* 

p  =  a  (1  —  e-) 

„  =  bU+!!^ 
a' 

TO  =  mass  of  body  =  0  with  sufficient  approximation    )    (4) 

M:=n{t—T)  =  E-esinE 

X  =  r  cos  V  =  a  cosE — «e 

y  —  r  sin  v  =  a^l— e-  sin  A' 

Suppose  the  value  of  E  at  t^  is  E^ ,  and  write  E  =  E^+  E^ . 
Then  the  last  two  equations  of  (4)  give 

X  =  a  cos  (E^+Ey)  —  ae 
11  =  a^yl_e■2  sin  {E^  + E^) 

from  which  it  follows  that  .r  and  y  may  be  expanded  into 
permanently  converging  power-series  in  E^,  where  E^  is 
real  or  complex,  for  ever}-  finite  value  of  E^.  These  series 
may  be  written 


(5) 


a-  =  ^  a,EI 

i=  0 

y  =  £  i,.  E,' 


(6) 


where  the  radius  of  convergence  is  infinite. 

It  follows  from  the  fourth  equation  of  (4)  that  E  is  finite 
for  everjf  finite  value  of  21.  Consequently  x  and  y  may  be 
expanded  into  converging  power-series  in  E^ ,  where  -£",  is 
defined  by  the  third  equation  of  (4),  for  all  finite  values 
of  M. 

Suppose  A\  is  expansible  as  a  power-series  in  31— M^^ 
where  J7„  is  the  value  of  31  att^t^,  for  all  \31—3f^\<E. 
If  this  series  is  substituted  in  the  eight  members  of  (6)  and 
the  terms  are  rearranged  with  respect  to  powers  of  J/—  31^ , 
then  power-series  will  be  obtained  which,  in  accordance 
with  a  theorem  given  by  Weierstrass,!  converge  for  all 
|il/— 3ii,|  <^.  It  follows,  therefore,  that  to  find  the  con- 
ditions under  which  x  and  y  may  be  expanded  as  converging 
power-series  in  t—t^,  or  in  31—31^,  which  is  essentially 
the  same  because  of  the  relation  between  31  and  t,  it  is 
only  necessary  to  find  the  conditions  under  which  E^^E—E^ 
may  be  expanded  as  a  converging  power-series  in  31 — 31^. 

Consider  ^E  as  a  function  M.  This  function  has  singular 
points  for  certain  values  of  31,  and  the  expansion  as  a* 
power-series  in  31—31^  will  converge,  in  accordance  with 
Cauchy's  well-known  theorem,  for   all  values  of  31—31^ 


*  Introduction  to  Celestial  3Iechanirs,  pp.  152,  153. 

t  Functionen  Leiire,  p.  73.  The  theorem  is  given  for  Laurent 
series,  but  this  may  be  thought  of  as  containing  the  ordinary  power- 
series  as  a  special  case. 
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whose  moduli  are  less  than  the  distance  from  M^  to  the 
nearest  singular  point.  The  quantity  K  is  defined  in  terms 
of  M  by  the  equation 

^  -  e  sin  K  =  M 

The  problem  is  to  locate  the  singular  points  of  E  con- 
sidered as  a  function  of  M  from  this  transcendental  relation. 
To  do  this  consider  the  differential  equation  which  relates 
E  and  M, 

dE_  _  1 

IM  ~  1  —  e  cos  i? 


(7) 


The  right  member  of  this  differential  equation  is  analy- 
tic in  E,  and,  in  accordance  with  Cauchy's  theorem  quoted 
in  Section  2  of  this  paper,  in  the  vicinity  of  every  E^  for 
which  it  is  regular  E—  E^  is  developable  as  a  power-series  in 
M—M^  which  has  a  positive  radius  of  convergency.  Con- 
sequently, at  all  of  those  points  for  which  the  right  member 
of  (7)  is  regular,  A' considered  as  a  function  of  M  is  regular. 
Conversely,  for  every  singularity  of  the  right  member  of 
(7),  Z?  considered  as  a  function  of  jI/  has  a  singular  point. 

The  right  member  of  (7)  is  uniform,  and  the  only  singu- 
larities are  the  poles  defined  by 


(8) 


1  -  ecos  E  =  Q 


Since  E  is  to  be  considered  as  a  function  of  the  complex 
variable  M  it  will  in  general  be  complex.  Suppose  it  has 
the  form 

E  =  u  +  V— 1  "' 
where  u  and  iv  are  real.     Then  (8)  becomes 

(9)    1  —  e  cos («  +  \l^  !'•)  =  l—e  cos u  cos ( V^ w^ 

+  e  sinM  sin  (V~  "')  =  *^ 

Since  cos  (^3i«-)  is  real  while  (sin^nfw)  is  pure 
imaginary  this  equation  is  equivalent  to  tlie  two  equations 


(10) 


sin  «  sin(V— 1"')  =  0 
l—e  cos  II  cos  (V— 1  "')  =  1  —  t'  cos  1^  cosh  ir  =  0 


The  first  of  these  equations  is  satisfied  bj-  if  =  0,  or 
u  =  vTT,  where  v  is  zero  or  any  integer.  The  second  equac 
tion  becomes  in  the.se  respective  cases 


(n) 


1  —  (■  cos  It  =  0 
I  -(-!)'■  e  cosh  ir  =  0 


Since  0  ^e<l  the  first  of  these  equations  is  impos- 
sible, and  since  cosh «,'  is  positive  for  all  values  of  ic 
the  second  can  be  satisfied  only  if  v  is  even.  Hence  the 
conditions  for  singular  points  of  the  right  member  of  (7) 

are  given  by 


(12) 


II  =  2nr     ,     (i'  =  zero  or  any  integer) 
1  —  f  cosh  ir  =  0 


As  w^  varies  from  zero  to  infinitj'  cosh  !/•  is  an  increas- 
ing monotonic  function  whose  limits  are  unity  and  infinity  ; 
hence,  for  every  0<e<l,  the  second  equation  of  (12)  is 
satisfied  by  one,  and  but  one,  value  of  w".  The  singular 
points  are  therefore  given  bj- 


V  =  LVtt 


w  =  ±coslr 


'©  =  --(^^^0  i 


(13) 


where  the  logarithm  is  taken  to  the  Naperian  base. 

From  this  point  on  let  u  and  ir  represent  those  values 
determined  by  (13).  The  real  problem  is  to  find  for  what 
values  of  M  singular  points  occur,  but  so  far  only  the 
values  of  E  for  which  they  occur  liave  been  found.  Kep- 
ler's equation  at  once  enables  us  to  solve  the  problem. 
Let     jil  =^  i  +  ^^Tj;     then 


^+V^ 


E—e  sin  E  =  u+  y/—i  w  —  e  sin  (<<+  V— 1  "') 


Expanding  the  last  term,  putting  u  =  2n7,  and  equating 
real  and  imaginary  parts,  it  is  found  that 


ecosu  sin(yj'- 


V-l 


-1  w)        _ 

=  If  ■ 


sin  hw   f 


(I-*) 


Since  r;  is  an  odd  function  of  ib,  which  is  two-valued,  ri 
is  two-valued.  The  singular  points  are  located  at  the  x  in 
the  following  figure. 


\no 


-4Tr  n-a»i3 


Since  E  is  finite  for  all  finite  values  of  M,  these  singular 
points  are  branch  points. 

It  follows  from  (13)  and  (H)  that  the  location  of  the 
singular  points  depends  upon  e  alone,  and  it  is  easily  seen 
that  as  e  varies  from  0  to  1  the  singular  points  travel  from 
infinity  along  the  lines  2i'7r  toward  the  real  a.xis.  In  prac- 
tice J/j  is  always  real,  and,  because  of  the  sj'mmetry  of  the 
orbit  with  respect  to  the  major  axis,  it  is  sutticieut  in  dis- 
cussing the  radius  of  convergence  to  suppose  that  —  r^ 
^f^  <ir.  The  tr\ie  radius  of  convergence  of  /,'  when  expressed 
as  a  power-.series  in  .1/— J/^  is  (see  fig.) 


/'■»,  =  V.»r-„-i-^  (iro 

where  r)  is  defined  by  the  second  equations  of  (^13')  and  (14). 
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It  follows  also  from  the  chain  of  arguments  given  above 
that  It^  is  the  true  radius  of  convergence  of  the  rectangu- 
lar coordinates  and  the  exjiressions  for  the  triangles  when 
expanded  as  power-series  in  M—M^. 

If  t^  is  the  value  of  t  corresponding  to  ^f^  the  true 
radius  of  convergence  for  all  these  functions  when  expanded 
as  power-series  in  t  —  t^  is 

(10)  /^,  =  ^  =  -^ 

(h)  Case  of  Pdmholk  Motion.  Dr.  Hamilton  treated 
this  case  in  his  memoir  giving  not  only  the  location  of  the 
singular  points  and  the  true  radius  of  convergence,  but 
also  a  complete  discussion  of  the  Riemann  surface  associ- 
ated with  the  function.  His  formula  for  the  true  radius 
of  convergence  is,*  in  the  notation  of  this  paper, 


(1-) 


7?,, 


m\t,-2y- 


1+ 


It  can  also  be  found  more  simply  by  the  methods  em- 
ployed in  this  paper.  The  rectangular  coordinates  are 
expressed  in  terms  of  the  true  anomaly  by  the  equations 


(18) 


a»  =  (•  cos  y 


.'/ 


r  sni  V  = 


ji  cos  V 
1  +  cos  V 

p  sin  V 
1  +  cos  V 


=  -^f  1— tan=; 


=  P  tan  .7 


The  true  anomaly  is  related  to  the  time  by  the  well-known 
equation 

V        2k{t-T) 


(19) 


tan8--|-tanjj 


y- 


and  the  differential  equation  which  relates  them  is 


d  f  tan ,, 


2k 


■J    tan^;+l 


dt 

In  accordance  with  the  principles  employed  in  the  ellip- 
tic case  tan  -  is  a  regular  function  of  t  at  all  points  ex- 
cept at  those  in  which 

tan-i-t-1  =  0 

The  solutions  of  this  equation  are 

(20)  tan^  =  ±V=r 

Substituting  in  (19),  the  values  of  t  for  which  the 
function  is  singular  are  found  to  be 


(21) 


{t'-T)  =  ± 


3/t 


'  Astronomical  Journal,  No.  533,  Eq.  (IS). 


Then  the  true  radius  of  convergence  for  any  real  t^  is 


1  + 


^k\t,-Tf 


y' 


agreeing  with  Dr.  Hamilton's  results. 

(c)    Case  of  Jhjpcrboik  Motion.     In  the  case  of  hyperbolic 
orbits  the  coordinates,  elements,  and  auxiliaries  are  related 

by  the  following  equations  :  * 


a(e"—l) 
k 


-F+e  s'mhF 


M  =  -  (t-  T)  = 
a- 

r  =  «(  —  1  +  e  cosh /•') 

e— cosh  F 

—  1  +  e  cosh  r 

_   sJe-—\  sinh  F 

~  —1+eaoshF 

X  =  r  cos  y  =  ae  —  a  cosh  F 

T  sinh  F 


(22) 


r  sin  V  =  a\/'i 


It  follows  from  the  last  two  equations  that  x  and  y  are 
expansible  into  permanently  converging  power-series  in 
F—F^  for  any  finite  F^.  From  the  second  equation  it 
follows  that  F  is  finite  for  all  finite  values  of  J/;  therefore 
X  and  y  are  expansible  into  power-series  in  F—F^  which 
converge  for  all  finite  values  of  M.  By  virtue  of  the 
theorem  of  Weierstrass  the  conditions  under  which  F—F^ 
may  be  expanded  as  a  convergent  power-series  in  M—M^ 
must  be  found  in  order  to  solve  the  problem. 

The  problem  is  treated  precisely  as  in  the  elliptic  case. 
The  differential  equation  relating  /"and  J/ is 


dF 
iM 


-1  +  e  cosh  F 


(23) 


The  singular  points  of  F  considered  as  a  function  of  M 
are  located  by 

—  l  +  ecosh/''=  —  l+ecosh(u+V^M'0  =  0      (24) 
Expanding  the  right  member  and  equating  the  real  and 
imaginary  parts  to  zero,  it  is  found  that 


sinh  M  sin  w 
■  1  +  e  cosh  u  cos  w 


(25). 


The  first  of  these  equations  is  satisfied  by  ?f  =  vt,  or 
u  =  0.  The  second  equation  becomes  in  these  respective 
cases 

—  1,-1- (—l)-e  cosh»  =  0 
—  1  +  e  cos  ir  =  0 

Since  e-  is  greater  than  unity,  and  cosh  u  is  greater  than 
unity  for  all  values  of  u,  the  first  equation  cannot  be  satis- 

*  Introd.  to  Cel.  ilec,  pp.  155  and  156. 
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fied.  The  singular  points  are  consequentlj-  given  by  the 
equations 

(26)  u  =  0     ,     — 1  +  e  cos«'  =  0  - 
The  solutions  of  the  second  equation  are 

(27)  ±w  =  2vrr  +  COS"'  I  -  J 

where  v  is  zero  or  any  integer,  and  cos~'  (- )  is  t^^  primi- 
tive value  of  this  multiple  valued  function.  Hence,  substi- 
tuting ±  V— i  "■  f°^  -^j  where  u-  is  defined  by  (27),  in  the 
second  equation  of  (22),  the  values  of  J/  for  which  the 
functions  have  singular  points  are  found  to  be 

=   4:  ~^ZI\w  ±  sj'—i  e  sin  w 


Therefore, 


(28;  .^  =  0     , 

Let  «?  =  2v7r  +  COS"' 


^V 


—  w  +  e  sin  w 


-  ) ;  then  (28)  becomes 

IvTT  +  e  sin  w 


(29)  ^  =  0     ,      ±r)  =   -ir 

The  singular  points  are,  therefore,  all  on  the  imaginary 
axis,  distributed  synnnetrieally  on  each  side  of  the  real 
axis,  and  occurring  at  intervals  of  2ir  out  to  infinity.  The 
only  values  of  M^  used  in  practice  are  real.  Hence  the 
true  radius  of  convergence  of  the  expansions  of  F,  and 
consequently  of  x,  y,  and  the  triangles,  as  power-series  in 
M—  M^ ,  when  the  motion  is  hyperbolic,  is  given  by  the 
equation 

(30)  R^,  =  yjM\  +  ,f 

The  true  radius  of  convergence  for  expansions  in  powers 
of  t  —  t^  is  found  from  the  relation  between  M  and  t  to  be 


(31) 


R.  = 


R. 


4.  yiimerlcal  Results.  The  preceding  formulas  are 
comparatively  simple,  and  the  numerical  results  can  be 
obtained  in  any  special  case  witliout  much  labor,  neverthe- 
less tables  of  results  with  convenient  intervals  for  the 
arguments  are  desirable.  The  true  radii  of  convergence 
when  the  argument  is  M—M^  are  capable  of  being  tabu- 
lated very  simply  since  they  depend  upon  the  two  parame- 
ters c  and  -l/j.  They  are  given  by  the  formulas  (15)  and 
(30).  In  these  equations  -q  depends  upon  e  alone.  They 
are  defined  by  (14)  and  (29)  respectively.  For  convenience 
the  formulas  used  will  be  collected  here. 

When  0<c<l,  then 

I        t)  =  w  —  e  sinh  «• 
If  a  ([uautity  J/ is  introduced  into  the  theory  of  parabo' 
lie  motion  for  the  sake  of  uniformity  by  the  equation 


(32) 


R,  =  "UJJL 


M  = 


2k(t-T) 
^1 


the  corresponding  equations  become,  when  e  =  1, 

•'        2A-     '•        3/:>l  ;>'  j 

When  e>l 


-G 


R„,  =   %/M-,+ri- 


'  ^.  =  ;^^' 


C33) 


(34) 


jj  ^  —  u'  T  e  sin  w 
From  these  equations  Table  I  has  been  computed. 
Table  I.     log  ^ . 


e 

log'/ 

e 

log  7, 

0 

CO 

.95 

8.0294 

.1 

0.3()OG 

1.05 

8.0000 

0 

0.1181 

1.1 

8.4624 

.3 

9.9637 

1.2 

8.8865 

.4 

9.8130 

1.3 

9.1367 

.0 

9.6539 

2.0 

9.8357 

.6 

9.4749 

5.0 

0.5479 

.7 

9.2584 

10.0 

0.9283 

.8 

8.9690 

100.0 

1.9931 

.9 

8.4942 

1000.0 

2.9993 

From  this  table  and  the  third,  first,  and  third  formulas 
of  (32),  (33)  and  (34)  respectively  the  following  table  of 

values  of  log     ""-  has  been  computed. 


Table  II. 


log  -^- 


' 

J/i,  =  0    Jfo  =  60° 

Jtfo  =  120° 

Jtf„  =  180° 

0 

00              00 

00 

00 

.1 

2.0651      2.1178 

2.2260 

2.3351 

.2 

1.8826      1.9895 

2.1574 

2.2965 

.3 

1.7281      1.9086 

2.1238 

2.2794 

.4 

1.5774 

1.8553 

2.1055 

2.2709 

.5 

1.4183 

1.8213 

2.0953 

2.2660  i 

.6 

1.2394 

1.8014 

2.0898 

2.2635 

.7 

1.0228 

1.7907 

2.0871 

2.2623 

.8 

0.7334 

1.7862 

2.0859 

2.2618 

.9 

0.2586      1.7S46 

2.0S55 

2.2616 

.95 

9.7938      1.7844 

2.0S54 

2.2616 

1.0 

1.58S3      1.8583 

2.1064 

- 

e 

3^0  =  0 

Jifi,  =  30° 

ir,  =  60» 

if,.  =  90° 

1.05 

9.7794  1  1.4835 

1.7794 

1.9605 

1.1 

0.2185      1.4840 

1.7846 

1.9606 

1.2 

0.6509      1.4880 

1.7856 

1.9610 

1.3 

0.9011      1.497S 

1.78S1 

1.9622 

2.0 

1.6001      1.7000 

1.8618 

1.9983 

5.0 

2.3123  '  2.3171 

2.3307 

2.3515 

10.0 

2.6927      2.6935 

2.6960 

2.7000 

100.0 

3.7575  ,  3.7575 

3.7575 

3.7576 

1000.0 

4.7637  1  4.7637 

4.7637 

4.7637 
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The  irregularities  in  the  numbers  at  e  =  1  arise  from 

the  fact  that  j1/ bears  quite  different  relations  to  the  true 
anomalies  in  the  three  kinds  of  conic  sections. 

From  Table  II  the  true  radii  of  convergence  in  t  may  be 
computed  from  the  formulas 


(35) 


-IT'' 
k    2 


if     e  <  1   or  (>>  1 


if     e  =  1 


These  formulas  are  so  very  simple  tliat  it  is  not  worth 
the  labor  from  a  practical  point  of  view  to  construct  tables 
with  different  values  of  a  and  p.  But  it  is  of  interest  to 
know  about  what  the  time  intervals  are  for  typical  cases. 
The  average  major  axis  in  the  case  of  asteroid  orbits,  where 
the  elliptic  theory  has  application,  is  about  2.65,  and  the 
following  table  has  been  computed  from  the  first  part  of 
Table  II  and  the  first  equation  of  (35),  u.sing  this  value  of 


Table  III. 

B,^  in  days  when  a  = 

=  2.65. 

For 

For 

For 

For 

3/o  =  0 

3/(,  =  60° 

3fo  =  120= 

Jlfo  =  180° 

0 

CC  days 

CO  days 

00  days 

00  days 

.1 

501.2 

553.0 

726.0 

933.7 

.2 

329.3 

421.1 

620.0 

854.0 

.3 

330.7 

349.6 

573.7 

S21.0 

.4 

163.1 

302.2 

550.1 

805.1 

.5 

113.0 

285.9 

537.3 

796.0 

.6 

74.9 

273.1 

530.5 

791.5 

.7 

45.5 

266.5 

527.3 

789.3 

.8 

23.4 

263.7 

525.8 

788.4 

.9 

7.7 

262.7 

525.3 

788.0 

.95 

2.8 

262.6 

525.2 

788.0 

It  follows  from  this  table  that  the  expansions  of  the 
rectangular  coordinates  and  the  triangles  in  power-series  in 
the  time  are,  in  the  case  of  the  asteroid  orbits  where  e 
rarely  equals  .3,  valid  for  more  than  200  days  whatever 
position  the  body  may  have  in  its  orbit.  The  time-interval 
for  M^  =  0  decreases  very  rapidly  as  e  approaches  unity, 
while  the  change  is  much  less  for  other  values  of  J/„.  The 
physical  reason  for  this  is  that  the  angular  velocity  changes 
most  rapidly  at  the  perihelion  as  the  eccentricity  varies. 
Since  the  major  axis  is  kept  constant  the  limit  of  the  orbit 
as  e  approaches  unity  is  a  straight  line  of  length  2a. 

Perhaps  a  more  satisfactory  idea  of  the  effect  of  a  change 
in  the  eccentricity  upon  the  radius  of  convergence  can  be 
obtained  by  keeping  the  perihelion  distance  constant.  The 
physical  changes  in  the  vicinity  of  the  perihelion  point  are 
differences  in  curvature  in  the  orbit,  and  the  velocity  of 
the  body  in  its  orbit.  The  curvature  decreases  continu- 
ally as  e  varies  from  zero  to  infinity,  while  the  velocity 
continually  increases.  The  decrease  in  curvature  tends  to 
increase  the  radius   of   convergence,  but  the   increase   of 


velocity  decreases   it  much  more.     The  major  axis  is  ex- 
pressed in  terms  of  q  and  e  by 


a 

= 

7 
1-e 

P 

= 

% 

a 

= 

1 
f-l 

for 
for 
for 


e=l 
e>  1 


(3(i) 


Taking  '/  =  1  as  an  example,  which  will  be  fairly  repre- 
sentative of  many  comets'  orbits,  the  following  table  has 
been  computed,  taking  M^  —  0,  or  t^  =  T.  For  a  different 
value  of  t^  all  of  the  corresponding  radii,  which  are  ex- 
pressed in  days,  are  larger. 

Table  IV.     log  R,^  and  R,^  in  days  for  t^  =  2'aud  q  =\. 


e 

log  n,. 

Ji:. 

e 

log  i?,. 

B.. 

0 

00 

ca  days 

1.0 

1.7388 

54.8 

.1 

2.1338 

136.1 

1.05 

1.7309 

53.8 

.2 

2.0281 

106.7 

1.1 

1.7185 

52.3 

.3 

1.9606 

91.3 

1.2 

1.6994 

50.1 

.4 

1.9101 

81.3 

1.3 

1.6853 

48.5 

.5 

1.8698 

74.1 

2.0 

1.6001 

39.9 

.6 

1.8364 

6S.G 

5.0 

1.4093 

25.7 

.7 

1.8070 

64.1 

10.0 

1.2614 

18.3 

.8 

1.7819 

60.5 

100.0 

0.7641 

5.8 

.9 

1.7586 

57.4 

1000.0 

0.2643 

1.8 

.95 

1.7453 

55.6 

5.  Zeroes  of  the  Triangles.  The  conditions  under  which 
the  coordinates  and  triangles  may  be  expanded  into  con- 
verging series  in  the  time  have  been  determined  for  all 
classes  of  conies.  But  in  practice  the  ratios  of  the  expan- 
sions of  two  triangles,  instead  of  the  expansions  of  single 
triangles,  are  used.  Hence  poles  of  the  functions  exist  for 
all  those  values  of  the  argument  for  which  the  denominator 
vanishes.  It  should  be  remarked  that  the  expressions  for 
the  triangles  contain  factors  which  vanish  with  the  time 
intervals.  In  the  ratios  of  the  triangles  the  quotient  of 
these  factors  is  taken  separatelj',  and  the  remaining  series 
in  the  denominator  divided  into  the  corresponding  one  in 
the  numerator.  Thus,  t„  being  the  origin  for  the  expan- 
sions. 


*1 

k\t. 


(37) 


6rl  "^  4r'  dt  '^ " ) 

Hence  the  problem  is  to  find  the  zeroes  of   -^-^ ^iLJ 

These  singularities  do  not  cancel  those  wliich  were  previ- 
ously found,  for  the  former  were  all  branch  points. 

It  is  most  convenient  in  finding  the  zeroes  of  the  expres- 
sion above  to  find  them  first  in  terms  of  the  true  anomaly. 
This  is  easily  anticipated,  since  the  triangle  vanishes  when 
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the  heliocentric  motion  in  the  interval  is  any  multiple  of  jr. 
Of  course,  this  would  be  the  answer  to  the  problem  if  it 
were  proved  that  the  triangles  could  not  vanish  for  any 
complex  values  of  the  argument  which  have  smaller  moduli. 
Instead  of  using  tj—t-  in  the  denominator  v^—v,  will 
serve  the  purpose  equally  well,  for  these  two  quantities 
vanish  simultaneously.  The  expression  in  question  be- 
comes in  polar  coordinates 

(38) 

Xi  V. —  Vv  a",  (cos  i',  sin  v, — sin  v,  cos  v.) 


sm(v,—v,) 
=  »".»■< ^^ = 


Now 


Vj  —  Vj 

which  cannot  vanish  for  any  finite 


1  +«cos  j; 

value  of  r,,  either  real  or  complex.  A  similar  statement  ap- 
plies to  rj.  Hence  the  condition  for  poles  of  the  ratios 
of  the  triangles  becomes 


(39) 


sin(Vj  —  v,)  _ 


The  variable  v,  depending  on  the  complex  variable  t,  will 
in  general  be  complex.     Suppose  it  has  the  form 


V  =  e+  v^-y 


then  (39)  becomes 


sinKg,-g.)+V=i(T^-(r,)| 

_  (Oj—O,)  sin  {dj—d.)  cosh  (%  —  <f^ 

(qr,-  qtQ  cos  {6-  6,)  sin  h  ((fj-  y,) 

V^(g,-gi)  cos(g^-6,)  smh(<fj-(f,) 

Equating  the  real  and  imaginary  parts  separately  to  zero, 
the  conditions  for  poles  are  found  to  be 


(dj—d^  sin  (6j—  0,)  cosh  ((fj—cpt)  +  (%  —  (?).)  cos  (6^  —  6,)  sinh((y^  —  (y,)   _ 
(Oj—Oj)  cos  ($j—  e,)  sin  h  ((y,  —  (y.)  —  (g^,— y,)  sin  (dj—d,)  cosh(qij—  qp.)  _ 


(40) 


From  these  equations  it  is  found  that 

r4n     \  <=os(e^-e,)  sinh(q^-q,)  =  0 

^  I  sin(ej  — ^j)  cosh(()P^— (J-,)  =  0 

after  dividing  out  the  factor 

(Oj-e.r+{<p-<p,y 

The  solutions  of  the  first  equation  are 

e-e,  =  i2^>+^^     or     (r,-<r,  =  0 

The  second  equation  becomes  in  these  respective  cases 
cosh((f^— ()r,)  =  0     ,     sin(e^  =  e,)  =  0 

The  first  equation  cannot  be  satisfied,  and  the  solutions 
of  the  second  are 

6j  —  6 1  =  w 

Conseciuently  tjie  solutions  of  (41)  are 
(42)  0-6,  =  TTT     ,     (fj-cf,  =  0 

In  the  first  equation  v  is  any  integer  except  zero,  for 
equations  (40)  are  indeterminate  iox-O^  —  d,  and  q  — <)?,  simul- 
taneously zero.* 

The  problem  is  to  find  the  relation  between  /,  and  /,,  or 
more  simply  between  Mj  and  M„  for  which  these  poles 

*  Dr.  H.\Mir.Tox  pave  these  results  for  paraliolic  orbits,  loc.  cit., 

V-  .-.4. 


occur.  The  solution  of  this  problem  is  simple,  since  t  is 
expressible  in  terms  of  v  by  finite  equations  in  each  of  the 
three  classes  of  conies  which  must  be  considered  separately. 

(a)  Case  of  Elliptic  Motion.  The  eccentric  anomaly  is 
expressed  in  terms  of  the  true  anomaly  by  means  of  the 
equation 


E 


Therefore 
E. 


=      tl-'tan^ 
\i-fo         2 


=   Ji^tan*(<?.+  V^<r.) 
tan ^  =  Jin?  tan i  (^^-t-.^-t-  V=I g.) 


tan  ~  = 
E 


(43) 


If  I'  is  odd 


(l-«)      ^E, 
cot  W 


If  V  is  even 

tan-jj!  =   tan  ,^ 

Then  the  mean  anomalies  are  computed  from  the  equa- 
tions 

J/,  =  E,  —  f  sin  £■(  I 

3/  =  £•  -  c  sin  E,  \ 


(■*■*) 


and  the  time  interval  from 

M.-.U. 


ai(Mj-M;) 


(45) 
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In  practice  t,  and  t^  represent  two  of  <,,  ^,,  t^,  and  fj  is 
taken  as  the  origin  of  time  for  the  expansions.  Since  t^  is 
real  it  follows  that  r„  is  real,  and  then  from  second  equa- 
tion of  (42)  that  if  one  of  the  epochs  t,,  tj  is  ^  the  other  is 
real.  The  limit  on  the  time-interval  is  that  the  heliocentric 
motion  of  the  body  during  it  shall  be  less  than  180°.  If 
tj  —  t,  =  ts—fi  there  are  two  quantities  limited  by  but  a 
single  equation,  and  one  of  them  may  be  taken  arbitrarily. 
From  (42)  it  follows  that  if  one  is  real  they  V)oth  are, 
and  the  modulus  becomes  a  minimum.  Hence  in  all  cases 
(p^  =  qp^  =  0.  The  time-interval  must  be  such  that  the 
heliocentric  motion  during  it  shall  be  less  than  180°. 
This  leads  to  the  following  interesting  result.  Suppose 
an  observation  has  been  made  at  t^ ,  and  that  two  more 
are  to  be  made ;  the  radius  of  convergence  of  the  recipro- 
cal of  the  triangle  does  not  depend  upon  the  way  in 
which  the  second  observation  divides  the  whole  interval, 
at  least  except  so  far  as  the  intervals  t^—t^  and  f^—t^  are 
limited  by  the  branch  points  previously  discussed. 

(b)    Case  of  Paraholk- Motion.     The  formula  for  parabolic 
orbits  is 
(46) 


/.  — i,  =  ^   tan 


Z!:tf.n^'+'^) 


tan  -'  + ; 


,(•',+ '^) 


-tan'j)j 


1  '  tan^ 
2k\'""'       2  —  2    '  ■*  V 

(c)   Case  of  Hi/perliolir  Motion.     The  formulas  for  hyper- 
bolic orbits  are 


tan  —  = 


I— 


tan  - 


tan  -i 


(47) 


.  +  7 


M,  =  —F,  +  e  sinhi^, 

(71/,.  =  -^;+  e  €\\\VF^ 
'       '  n  k 

In  case  the  triangle  between  r^  and  r,  occurs  in  the 
denominator  the  expansions  of  the  ratios  the  triangles  are 
never  valid  when  the  whole  heliocentric  motion  in  the 
interval  of  time  t^~t^  is  as  much  as  180°.  Notwithstand- 
ing this  fact  much  space  has  been  used  in  explaining  the 
solutions  of  certain  equations  depending  on  these  expan- 
sions in  the  case  where  this  limit  is  exceeded.*  If  the 
heliocentric  motion  in  the  whole  interval  is  less  than  180°, 
the  series  are  alwaj-s  convergent  unless  the  intervals  are 
still  further  limited  by  the  branch  points  of  the  functions. 
The  formulas  given  in  section  3,  or  the  tables  of  section  4, 
show  when  this  will  occur. 

6.     Numerical  Results.     For  practical  use  a  table  giving 
,      fM,—  M,\      ...  , 
log( r; — 1  wul  be  most  servicable  since  it  depends  only 

*  Oppoi.zek,  Bahnbestimmung,  pp.  79,  93.  Watson,  Theoretical 
Astronomy,  pp.  186-7. 


upon  the  arguments  e  and  t-, .  The  time  in  days  can  be 
found  by  multiplying  this  quantity  by  a'  in  the  case  of 

elliptic  and  hyperbolic  orbits,  and  by  ^—  in  the  case  of  par- 
abolic orbits.  It  will  be  sufficient  to  give  the  results  for 
v'j  =  —90°,  v^  =  0,  and  i\  =  -1-90°  in  elliptic  orbits,  and 
for  r,  =  —90°  in  the  case  of  parabolic  and  hyperbolic  orbits. 

M,-M,\ 


Table  V.     los 


k 


e 

v^  =  —90° 

t;,  =0 

ti  =  +90" 

c,  =  —90° 

0 

2.2616 

2.2616 

2.2616 

1.0 

2.1904 

.1 

2.2026 

" 

2.3132 

1.05 

0.3835 

0 

2.1350 

<< 

2..3593 

1.1 

0.8273 

.3 

2.0568 

•' 

2.4000 

1.2 

1 .2646 

.4 

1.9647 

11 

2.4362 

1.3 

1.5158 

.5 

1.8540 

" 

2.4679 

2.0 

2.2444 

.6 

1.7161 

" 

2.4958 

5.0 

2.9594 

.7 

1.5358 

" 

2.5197 

10.0 

3.3476 

.8 

1.2789 

i< 

2.5397 

100.0 

4.4199 

.9 

0.8349 

11 

2.5542 

1000.0 

5.4266 

.95 

0.3857 

" 

2.5595 

- 

- 

While  the  preceding  table  enables  one  to  compute  very 
simply  the  limit  with  sufficient  accuracy  in  any  case  that 
can  arise,  it  fails  to  give  one  at  a  glance  the  way  the  limit 
changes  with  the  eccentricity.  For  this  purpose  the  fol- 
lowing table  was  computed  keeping  the  perihelion  distance 
equal  to  unity. 

Table  VI.     ^3  —  f^  in  days  for  ?  =  1,    ''i  =  —  90°. 


e 

tz  —  ti 

e 

ta  —  ti 

0 

182.6 

1.0 

219.2 

.1 

186.8 

1.05 

216.3 

0 

190.8 

1.1 

212.5 

.3 

194.7 

1.2 

205.6 

.4 

198.4 

4.3 

199.5 

.5 

202.1 

2.0 

175.6 

.6 

205.7 

5.0 

113.9 

.7 

209.1 

10.0 

82.5 

.8 

212.5 

100.0 

26.7 

.9 

215.9 

1000.0 

8.5 

.95 

217.4 

These  intervals  for  i\  =  —  90°  are  the  shortest  for  which 
any  of  the  three  triangles  can  vanish  when  the  perihelion 
distance  is  unity.  If  the  interval  between  the  first  and 
last  observations  is  less  than  the  number  given  in  the  table 
no  trouble  can  arise  from  this  singularity. 

The  real  question  is  whether  the  radius  of  convergence 
of  the  quotient  of  two  triangles  is  determined  by  the 
poles  or  the  branch  points.  To  settle  this  question  for  that 
part  of  the  orbit  where  the  radius  of  convergence  is  least 
compare  Tables  IV  and  VI.  It  is  necessary  to  make  some 
assumption  regarding  the  way  the    second  observation  di- 
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Tides  the  whole  interval.  For  simplicity  suppose  it  divides 
it  into  two  equal  parts.  Then,  to  get  the  whole  interval 
as  determined  by  the  branch  points,  it  is  necessary  to 
multiply  the  numbers  of  Table  l\  by  two,  while  those  in 
VI  are  to  be  taken  as  they  stand.  It  is  at  once  seen  that 
so  long  as  e  .<  .2  the  true  radius  is  determined  by  the  poles 
defined  by  the  vanishing  of  the  triangle  in  the  denomi- 
nator; and  so  long  as  e>.3  the  true  radius  of  convergence 
is  determined  by  the  branch  points  which  were  found  in 
section  3.  This  is  true  for  all  orbits  as  well  as  for  'j  =  1 
since  the  limits  in  both  cases  depend  upon  the  linear  di- 
mensions of  the  orbit  in  the  same  manner. 

If  the  triangle  contained  between  r,  and  r,  does  not  oc- 
cur in  the  denominator  the  numbers  in  Table  VI  should  be 
multiplied  by  two,  for  the  whole  interval  will  be  about 
twice  as  long  as  t,  —  t„  or  t^  —  t^.  In  this  case  the  branch 
points  determine  the  true  radius  of  convergence  if  e>.l. 
In  no  case  does  the  convergence  of  the  series  persist  until 
the  whole  heliocentric  motion  gets  near  180°  except  when 
e<.2. 

7.  Comparison  with  the  Series  used  in  the  Astronomical 
Journal,  No.  510.  In  the  paper  in  loc.  fit.,  solving  the 
second  part  of  the  problem  of  determining  the  elements  of 
an  unknown  orbit,  certain  series  were  employed  which 
were  shown  to  converge  if  the  heliocentric  motion  in  the 
intervals  t,  —  t^  and  ^3  —  t„  were  not  too  great.  The  pre- 
cise radius  of  convergence  for  various  values  of  the  eccen- 
tricity was  given  in  Table  I,  p.  48.  The  question  of  inter- 
est is  whether  the  series  used  in  that  paper  converge  so 
long  as  those  which  express  the  ratios  of  the  triangles. 
In  the  determination  of  orbits  the  whole  interval  of  helio- 
centric motion  must  be  less  than  180°  as  lias  been  shown. 
Consequentl}',  so  long  as  the  radius  of  convergence  is 
greater  than  90°  for  the  series  used  in  A.J.  No.  510,  the 
second  part  of  the  problem  is  solvable  by  the  method  de- 
veloped there  if  the  first  part  is  by  the  usual  method.  It 
is  seen  from  Table  I,  loc.  cit.  p.  48,  that  for  the  middle  ob- 
servation in  any  part  of  the  orbit  the  series  are  valid  over 
an  interval  greater  than  180°  if  e'^.X  ;  and,  when  t,=  T, 
the  interval  is  greater  tlian  180^  for  all  finite  values  of  e. 
For  e  =  1,  <j  =  T,  the  limit  is  precisely  360°. 

It  was  shown  in  the  preceding  section  that  the  true 
radius  of  convergence  is  defined  by  the  poles  as  long  as  the 
eccentricity  has  a  value  less  than  .3.  It  follows  from 
Table  I,  A.J.  No.  510,  that  the  series  developed  there  for 
all  e<.3  are  valid  for  greater  intervals  than  those  giving 
the  ratios  of  the  triangles  except  when  r,  >  120°,  in  which 
case  the  limit  is  a  little  less  for  <■  =  .2  and  e  =  .3.  There- 
fore no  trouble  can  arise  in  the  asteroid  orbits  in  using  the 
method  of  solving  the  second  part  of  the  problem  of  orbits 
which  was  developed  in  the  former  paper.  It  also  follows 
from   Tablo  1,  lor,  cit..  and  ''lie  results  of  this  paper  that  in 


case  of  parabolic  orbits  the  proposed  series  converge  for 

greater  intervals  than  those  for  the  ratios  of  the  triangles 
so  long  as  the  true  anomaly  at  the  time  of  the  second  ob- 
servation does  not  exceed  90°.  This  is  taking  into  consid- 
eration only  the  poles,  and  the  branch  points  show  that  the 
radius  of  convergence  of  the  series  of  the  former  paper  are 
greater  than  those  in  this  for  e  =  1  for  values  of  r.  consid- 
erably greater  than  90°. 

This  is  all  that  is  desired  from  a  practical  point  of  view, 
for  observations  of  comets  are  not  usuallj'  made  when  the 
true  anomaly  is  very  great.  The  conclusion  is  that  when- 
ever the  series  for  the  ratios  of  the  triangles  are  of  prac- 
tical use  those  developed  in  A.J.  No.  510  for  finding  the 
elements  may  also  be  used.  It  was  shown  in  the  former 
paper  that  three  terms  of  the  series  used  in  finding  the 
elements  give  results  accurate  to  the  sixth  place  when  e  =  1, 
q  =  \  and  t^  —  t.  <13  days,  t.  —  <j  <13  days.  In  the 
expression  for  the  ratio  of  the  triangle  between  r,  and  r,  to 

that  between  r,  and  r,  the  term  of  the  fourth  degree  con- 

j.i(f  f\* 

tains  — 5^-5 — r^ ,     the     remainder     of     it     vanishing     if 

36  r„° 
t^—  i.  =  t,  —  ty     If  ?,  —  ?„  =  13  days,  7  =  1.  and  v.  =  0 
the   numerical  value   of   this   term   is   .00007,  giving   an 
error  of  seven  units  in  the  fifth  place  if  it  is  omitted. 

8.  The  Convergence  of  the  Series  used  in  Other  Methods. 
The  preceding  investigations  exhibit  in  a  conspicuous  man- 
ner the  weakness  of  the  Olbers  and  Gauss  methods,  which 
can  be  used  only  when  the  intervals  of  time  between  the 
observations  are  comparatively  short.  On  the  other  hand 
the  elements  are  better  determined  when  the  points  on  the 
orbit  are  not  very  near  together.  Thus,  the  computer  finds 
himself  limited  in  both  directions,  and  in  most  cases  he  can 
secure  satisfactory  agreement  between  theory  and  observa- 
tions only  by  differential  corrections  based  on  errors  in  an 
ephemeris.  A  thorough  discussion  of  what  intervals  are 
most  advantageous  in  the  various  possible  cases  which  can 
arise  in  practice  is  much  to  be  desired,  and  the  results  con- 
tained in  this  paper  furnish  a  solid  foundation  for  such  an 
investigation. 

Another  question  of  much  interest  and  practical  impor- 
tance is  whether  some  of  the  other  methods,  which  are  short 
enough  to  be  of  practical  value,  are  not  free  from  the  limi- 
tations to  which  the  method  of  Gavss  is  subject.  Most 
conspicuous  of  these  is  that  first  developed  by  Lavlace.* 

The  same  general  ideas  have  been  followed  out  by  Vili.ar- 
CKAU  in  an  exhaustive  memoir,t  which  for  some  unex- 
plained reason  is  not  referred  to  by  later  writers  using  the 
same  fundamental  ideas.  The  process  has  been  carried 
out  to  terms  of  higher  order,  but  at  the  price  of  great 
complexity,  by  HAUzr.it.t     More  recently  Leischskis  has 

•  .Utcaiii'/iii'  Cittttf,  Vol.  I,  Pan  I,  Hook  II,  Chap.  IV. 
t  AnnaUs  de  r Olmerratoirf  Impirial  de  Pari*,  Vol.  III. 
1  Astronomische  Xaehricliten,  No.  ;t371. 
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developed  it*  so  as  to  make  its  practical  application  at 
every  point  as  simple  as  possible.  In  a  very  suggestive 
preface  to  Tisseuand's  Lemons,  Poincakk  has  commented 
on  the  fundamental  ideas  in  the  methods  of  Gauss  and 
Lai'lace,  and  has  shown  that  they  are  essentially  the  same 
in  the  first  approximation. 

In  all  of  these  expositions  developments  of  the  geocen- 
tric polar  coordinates  as  power-series  in  the  time  are  used. 
The  present  question  relates  to  their  convergence.  Let  the 
geocentric  rectangular  coordinates  be  i,  jj,  ^  and  the  polar 
coordinates  p,  ii,  8.  The  rectangular  coordinates  are  related 
to  the  rectangular  heliocentric  coordinates  by  linear  equa- 
tions with  constant  coefficients,  and  they  have,  therefore, 
the  same  radius  of  convergence.  The  rectangular  and  polar 
coordinates  are  related  by  the  equations 

)i  =  p  cos  a  cos  S 
1]  =  p  sinu  cos  8 
I  ^  =  P  sin  8 

From  these  equations  it  follows  that 


(49) 


'ii 


8  =  tan" 


The  singular  points  of  these  equations  are  defined  by 


(50) 


e+v'-+C'  =  o 


=  1 


If  these  equations  were  expressed  in  terms  of  the  ele- 
ments of  the  body  and  the  earth,  and  of  the  time,  and  if 
the  resulting  equations  were  solved  for  the  time  (using 
complex  values)  the  singular  points  of  the  functions  would 
be  found.  There  would  be  no  serious  practical  difficulty  in 
the  matter,  since  these  coordinates  are  expressible  linearly 
in  terms  of  the  heliocentric  coordinates  which  are  expressed 
in  terms  of  the  time  for  all  conies  by  means  of  well-known 

*  Publications  of  the  Lick  Observatory,  Vol.  VII,  Part  I. 
The  University  of  Chicago,  1903  March  28. 


equations.  It  is  not  intended  to  enter  into  the  details  of 
this  matter  here.  It  is  sufficient  to  point  out  that  when 
e>  .3  the  developments  of  $,  rj,  and  f,  and  consequently  of 
p,  «,  and  8  converge  only  so  long  as  the  expressions  for  the 
ratios  of  the  triangles  converge.  In  this  case  the  Lap- 
LACiAN  method  has  no  advantage  from  this  point  of  view 
over  the  Gaussian.  It  is  to  be  noted  further  that  the 
singularities  (50;  depend  not  only  upon  the  eccentricity 
and  parameter  of  the  orbit  in  question,  and  upon  the  po- 
sition of  the  body  in  its  orbit,  but  also  upon  the  elements 
which  define  the  plane  of  the  orbit,  and  the  coordinates  of 
the  earth. 

It  is  evident  that  these  many  parameters  might  occur  in 
such  a  manner  that  one  of  equations  (50)  would  be  fulfilled 
for  a  time-interval  of  very  small  modulus,  when  the  method 
would  fail  for  even  short  intervals  between  the  observa- 
tions. For  example,  the  expansions  would  soon  fail  if  the 
body  were  near  the  pole.  This  is  only  a  fault  of  the 
method,  and  not  an  inherent  difficulty,  for  a  change  to 
ecliptic  coordinates  will  avoid  it.  When  the  eccentricity 
is  less  than  .3  the  Laplacian  expansions  may  converge 
longer  than  the  Gaussian,  but  there  is  no  guarantee  of  it 
in  general.  The  conclusion  is  that  the  two  methods  are 
subject  to  the  same  general  restrictions,  though  in  special 
cases  each  may  be  better  than  the  other. 

There  are  three  problems  worthy  of  solution  by  the  more 
powerful  methods  of  modern  mathematics,  (o)  To  find 
under  what  conditions  the  data  furnished  by  three  obser- 
vations are  essentialhj  insufficient  to  define  the  elements  of 
the  orbit ;  (6)  to  find  under  what  conditions  the  same  data 
are  insufficient  to  define  the  elements  by  the  Laplacian 
method;  and  (c),  the  same  problem  for  the  Gaussian 
method.  Perhaps  the  answer  in  the  three  cases  is  the 
same.  Dr.  Hamilton  has  answered  (a)  in  many,  if  not 
all,  cases  of  parabolic  orbits  in  a  memoir  still  unpub- 
lished, by  a  direct  discussion  of  the  Jacobian  of  the  co- 
ordinates with  respect  to  the  elements. 


OBSERVATION   OF   TURNER'S   "jVOF.4,"  (2387  —GUMIXOBUM),'' 

MADE    WITH    THE   Ii6-INCH   EQUATORIAL   AT   THE    U.S.  XAVAL   OBSEIiVATORT, 

By  C.  W.  FREDERICK. 

[Communicated  by  Captain  Colby  M.  Cuestek,  U.S.N.,  Superintendent.] 
1903W.M.T.         Comp.  Ja  J8  App.  a  App.  8  Red.  to  App.  Place 

March  31     8"    ]  29  ,  G  |    +1™  17^54    ]    -2' 20".9    |    6"  38- P.73    |    +30°  2' 21".8    |    +1M8   -C".9 

Mean  Place  of  Comparison- Star  for  the  heginning  of  the  year. 

a  8  Authority 

6"  Se-  43=.01    I    +30°  4'  49".6    |    h  [Leideu  A.G.  2783  + Cambridge,  Eng.,  A.G.  3447] 

The  comparisons  in  a  were  made  by  transits. 

The  position  of  the  Nova  reduced  to  1903.0  is  :     6"  38'"  0».54   +30°  2'  28".7. 


''  From  Supplement  to  JVo.  330. 
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PHOTOGRAPHIC  OBSERYATIOX  OF  THE  MIXOR  PLAXET,  (60)  ECHO: 

ODTAINED   WITH    THE   6-IXCII    STAR-CAMERA    AT  THE    V.  S.    NAVAL   OBSERVATORY, 


By  G.  H.  peters. 
[Communicated  by  Capt.  C.  M.  Chester,  C.S.X. 


Superinteniient.] 


The  minor  planet  (60)  Echo,  which  was  discovered  by 
Ferguson  at  this  Oisservatory,  was  picked  up  in  1899  by- 
photography.  Before  its  elements  were  determined  it  was 
considered  a  new  discovery,  but  subsequently  was  identi- 
fied as  Echo. 


This  asteroid  was  photographed  at  the  Naval  Observa- 
tory on  April  17,  1903,  on  a  plate  expcsed  from  12''  to 
13''  lo""  W.M.T.,  and  the  following  correction  to  the  posi- 
tion in  the  Berliner  Jahrhnrh  determined. 

Correction  Ja  +1"'.7         /Ih  —6'. 


*  From  Supplement  to  Xo.  -'iJC. 


PHOTOGRAPHIC   OBSERYATIOXS   OF   MINOR   PLANETS. 

olitaixed  with  the  6-in'ch  star  camera  at  the  f.s.  x.^vai.  odservatorv, 
By  G.  H.  peters. 
[Communicated  by  Capt.  C.  M.  Chester,  U.S.X.,  Superintendent.] 
The  appended  corrections  to  the  Berliner  Jahrhiich  po-  Asteroid  Date 

sitions    were  determined  from  photographic  trails  of  the  (83)  Beatrix 

asteroids  given  below.     In  the  case  of  (236)  Honoria  no  (236)  Honoria 

observations  are  noted  since  1890.  (335)  Robertn 


April  27,  1903 
April  28.  1903 
.\pril  28,  1903 


Correction 
Jrt  -2°3     Jh  +13 
-6.6  +28 

—  2.0  +   3 


OBSERYATIOXS   OF   COMET  a.  1903  {GiAconiyi)* 

M.\r)E   WITH   the  26-iscn   equatori.\i,   at  the   r.  s.   x.\v.\i,   observ.vtorv. 

By  C.  W.  FREDERICK. 

[Communicated  by  Captain  C.  M.  Chestkr,  U.S.N.,  Superintendent.] 


190.3  Wash.  M.T. 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

S 

Authority 

* 

a 

8 

Authority 

1 

o 
3 
4 
5 
6 
7 

li       m      8 

22  59     8.05 

23  3     4.93 

22  58  56.44 

23  10  10.31 
23  17  .37.73 
23  20  33.22 
23  23     9.32 

+2  46  19.3 
+  3     2  .54.7 
+  3  17  51.9 
+  4  58     6.7 
+  6  57  19.1 
+  7  14  57.9 
+  8     5  50.8 

Albany,  A.G.  7960 
Albany,  A.G.  7980 
Albanv,  A.G.  79."i7 
Albany.  A.G.  S02S 
Leipzig  II,  A.G.  11622 
Leipzig  II,  A.G.  11641 
Leipzig  II,  A.G.  11652 

s 

9 
10 
11 
12 
13 
14 

23"  26"25.'45  1  +  9°  13  34.7  I  Leipzig  II,  A.G.  11676 
23  38  31.28     +11     3  .50.8     Leipzig  I.  A.G.  9412 
23  33  58.31     + 11  39  26.4     Leipzig  1.  A.G.  93vS7 
23  43  58.05     +12     5  36.3     Leipzig  I,  A.G.  9451 
23  47  5S..-.S     +12  56  23.1     Leipzig  I.  A.G.  9469 
23  46  26.59     +13  13  36.5  i  Leipzig  I.  AG.  9461 
23  53     1.59  1+14     0  16.5     Leipzig  I.  A.G.  9505 

The  first  observation  by  \V.  W.  Dinwiddie.     Comparisons  in  a  were  directly  determined  by  micrometer  when  marked  d. 


•  From  Supplfment  to  y'o.  oS(j. 
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OBSERVATIONS   OF   COMET   d   1902    (giacobixi)* 

M.Vt>H    Willi    Till'.   ^Ij-INCH    KKFUACTOU    OK   THE    LEANDEH    MCCOUMICK    OUSEUVATOHY,    U.VIVEISSITY    OF    VIIiGINIA, 

By  T.  MoN.  SIMPSON,  Jk. 


1903  Chart.  M.T. 
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-1  48.2 
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12.32 

+  23  17  36.4 

9.619 
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Mean  Places  of  Comparison- Stars  for  1903.0. 


* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

2 
3 
4 
5 

6  34  13.58 
6  37  15.47 
6  36  14.92 
6  36  37.83 
6  38     3.26 

+  19  23  58.2 
+  20     3  49.5 
+  20  18     2.8 
+  20  48  18.9 
+  21     3  16.1 

A.G.  Berlin,  A,  2297 
A.G.  Berlin,  B,  2544 
A.G.  Berlin,  B,  2533 
A.G.  Berlin,  B,  2535 
A.G.  Berlin,  B,  2552 

6 

8 
9 

6  33  34.61 
6  37  10.21 
6  39     4.()7 
6  38  59.88 

+  21°  22'  20^2     A.G.  Berlin,  B,  2505 
+  21  41   12.9     A.G.  Berlin,  B,  2543 
+  22  56     9.4  '  A.G.  Berlin,  B,  2564 
+  23  19  34.4     A.G.  Berlin,  B,  2563 

Notes  :     d  refers  to  direct  micrometrical  measurements.     March  4  —  Comet  faint,  observations  interrupted  by  clouds. 

Charlottesville,  Va. 

*  From  Supplemeitt  to  Xo.  53G.  


RESULTS     OF    OBSERVATIONS    AVITH     THE    ZENITH     TELESCOPE, 
OBSERVATORY,    UNIVERSITY    OF    PENNSYLVANIA, 

By  C.  L.  DOOLITTLE. 

The  following  series  is  a  continuation  of  that  found  in 
the  Astronomical  Journal  of  October  16,  1891  (No.  509). 

The  value  of  the  constant  of  aberration  resulting  from 
this  series  is  20".5 13   ±.009. 
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M7  10 

!.26  6 

;.36  9 


8 

9 
11 
13 
14 
15 
17 
19 

21  .. 

22  2.23    10 


2.49 
2.14 
2.42 
2.35 
2.46 
2.32 
2.26 


2.00  10 

2.30  10 

2.09  10 

2.13  9 

1.98  10 

2.03  10 


2.24  10 

2.00  10 

2.19  3 

2.13  10 

2.03  10 

2.22  10 

2.18  10 

2.07  9 
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II 

No.    Ill 

No. 

III 

No. 

IV 

No. 

IV 

No. 

I 

No. 

IV 

No. 

I      No. 

IDOi 

June 

2 

2!oO 

6      '.. 

1902 

July    12 

2.00 

10 

2*13 

9 

1902 

Aug.   30 

1*89 

9 

• 

Oct.    23 

l!69 

3 

' 

4 

2.51 

7    2.45 

9 

13 

2.02 

10 

1.98 

9 

Sept. 

2 

2.40 

1 

25 

2.17 

9 

5 

2.10 

10   2.48 

9 

14 

2.02 

10 

2.00 

9 

4 

2.19 

9 

28 

1.97 

9 

2.20     9 

6 

2.10 

9   2.02 

7 

15 

1.99 

8 

2.16 

9 

5 

2.30 

9 

29 

1.88    10 

7 

..     2.16 

10 

16 

2.31 

10 

2.11 

9 

6 

2.05 

9 

30 

1.89    10 

8 

2.48 

10   2.45 

8 

17 

2.00 

10 

2.02 

9 

1.93 

9 

31 

2.06 

9 

1.95    10 

9 

1.92 

8   2.03 

10 

22 

2.35 

10 

2.37 

8 

10 

2  12 

9 

Nov.     1 

1.83 

9 

2.32    10 

10 

2.14 

5 

„ 

23 

2.15 

2 

11 

1.94 

9 

2 

1.92 

9 

1.90     9 

12 

2.17 

6      .. 

24 

2.00 

8 

13 

2.18 

9 

3 

1.90 

7 

2.01      6 

17 

..     2.23 

10 

27 

2.02 

10 

1.94 

9 

14 

2  07 

9 

7 

2.13 

7 

2.00     7 

19 

2  21 

10 

Aug.      1 

2.15 

7 

15 

2.28 

9 

14 

1.84 

9 

21 

'.'.     2.25 

5 

2 

2.16 

8 

2.00 

9 

16 

2.05 

9 

15 

2.06 

8 

22 

..     2.34 

10 

4 

2.19 

10 

2.04 

9 

17 

2.18 

3 

19 

2.05 

9 

2.10     6 

23 

..     2.36 

10 

6 

2.37 

9 

Oct. 

9 

2.07 

8 

20 

1.97 

9 

24 

..     1.99 

8 

7 

2.02 

7 

12 

1.98 

9 

21 

1.88    10 

o- 

..     2.32 

2 

8 

2.10 

1 

2  24 

9 

14 

2.08 

9 

1.93 

10 

23 

1.85 

9 

1.83   10 

July 

4 

..     2.04 

2 

9 

2.01 

10 

2.01 

6 

15 

2.07 

9 

1.91 

10 

27 

1.99 

9 

1.94     9 

11 

2.12 

10 

1.98 

9 

19 

1.96 

9 

2.13 

10 

28 

l.SS 

9 

1.91      9 

III 

No.    IV 

No. 

12 

2^11 

10 

2.24 

9 

20 

2.17 

8 

1.9S 

10 

29 

l.Sl 

5 

Vjcr 

14 

2.14 

10 

1.97 

9 

21 

2.08 

9 

2.10 

10 

Dec.      1 

1.90 

8 

2.06    10 

July 

8 
10 
11 

2."!  8 
2.29 
2.01 

10    2".  16 
10   2.53 
10   2.02 

7 
9 
8 

IC 

17 
18 

2.13 
2.20 
1.91 

9 
10 
10 

2.25 
2.01 
2.16 

9 
9 
9 

22 

1.95 

9 

1.89 

10 

Weighted 
Mean  Date 

f 

1901-; 

Oct.      9 

39° 

J8  1^974 

Oct.    26 

2.060 

Nov.  13 

2.040 

Feb.      3 

2.188 

Feb.   16 

2.264 

Mar.      7 

2.194 

ilay    12 

2.334 

May  28 
June    7 

39 

2.114 
58  2.224 

No. 

Weighted 
Mean  Date 

cr 

No. 

184 

1»B 

June  21 

39°58  2^234 

57 

194 

July   16 

2.116 

213 

192 

Aug.   11 

2.112 

198 

149 
145 

Sept.    9 
Oct.    18 

2.098 
2.012 

103 
133 

87 

Oct.    28 

2.008 

130 

153 

Nov.  24 

39  58  1.938 

129 

131 
114 

Whole 

number, 

2312 

MICROMETER 


OBSERVATIONS    OF    THE    SATELLITE 
1901-1902   AND   1902-1903, 


OF    XEPTCXE   IN 


MADE    WITH    TIIK   40-IXrlI    REFKACTOR   OF   THE    YERKES   OBSERVATORV, 

By  E.  E.  BARNARD. 


These  measures  of  the  satellite  of  Septune  are  continu- 
ation of  the  observations  previously  jirinted  in  A.J.  508,  etc. 

The  measures  have  all  been  made  with  a  power  of  700 
diameters.  It  was  thought  there  might  be  some  gain  in 
using  this  eyepiece,  though  a  lower  power  would  some- 
times have  shown  the  satellite  better. 

The  season  of  1902-1903  has  been  a  very  bad  one,  and 
the  measures  of  the  satellite  in  general  have  been  difficult. 
An  unusual  amount  of  cloudy  weather  has  cut  down  the 
number  of  nights  on  which  observations  could  be  made. 

As  in  previous  observations  the  center  of  yejitune  was 
bisected ;  as  the  disc  is  not  large,  this  can  be  done  with 
great  exactness,  and  it  is  believed  that  observations 
so  made,  in  the  case  of  this  planet,  are  preferable  to 
measures  made  from  the  limb  or  limbs. 

The  two  sets  of  distance  measures  were  made  witli  the 
fixed  and  movable  wires  interchanged,  so  that  they  are 
essentially  double  distances. 


Observations  of  the  Satellite  or  Xeptune,  1901-1902. 
1901  August. 


16 


i 

•0'  time 

1     1 

1       s 

15 

57 

16 

16 

3 

7 

16 

9 

0 

15 

41 

45 

15 

47 

59 

15 

53 

0 

15 

21 

57 

15 

30 

2.". 

15 

36 

IC, 

15 

35 

12 

15 

40 

7 

15 

43 

34 

Comp. 


92.11 


6 

IC.OC 

4 

15.81 

4 

Sf/itemlter. 


42.05 


o(t2.7. 


95.16 


6 


12.81 

5 

i.;.oo 

5 

12.S9 

6 

12.85 

6 

1.^.60 

I 

1.S.51 

-, 
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1901 

December 

—  Cont. 

d       1 

17  10 

90 
9" 

'  time 

88°.4o 

" 

Conip. 
5 

10 

14 

51 

i(;.90 

5 

10 

19 

1 

17.15 

5 

22     8 

11 

13 

138.63 

7 

Satellite  diftifult. 

8 

19 

19 

12.48 

5 

Seeing  excessively 

8 

24 

24 

10.86 

5 

bad. 

23     8 

40 

1 

85.59 

4 

9 

33 

4 

84.65 

5 

Question  if  the  satel- 

9 

39 

48 

16.86 

4 

lite.      There    was    a 

9 

42 

42 

16.96 

4 

fainter  object  2"  s.f. 

9 

47 

41 

84.26 

6 

this. 

29     9 

54 

12 

78.59 

6 

9 

59 

37 

17.19 

5 

10 

4 

49 

17.10 

5 

30     8 

17 

29 

31.13 

7 

8 

25 

57 

12.63 

4 

8 

29 

25 

12.92 

5 

1902  Jimiiari/. 

2     8 

10 

43 

206.83 

8 

8 

17 

39 

li.78 

4 

8 

21 

21 

12.08 

4 

5     9 

42 

50 

19.16 

6 

9 

47 

41 

11.34 

4 

9 

51 

11 

11.64 

4 

10     9 

32 

44 

69.51 

6 

9 

38 

11 

1(;.45 

4 

9 

42 

15 

16.69 

4 

12     8 

24 

5 

291.85 

7 

8 

26 

54 

14.01 

4 

8 

32 

12 

14.03 

4 

13     8 

0 

32 

249.83 

6 

8 

7 

21 

16.44 

4 

8 

10 

49 

16.41 

4 

18     7 

52 

7 

28(;.27 

6 

7 

OD 

57 

14.85 

4 

7 

58 

50 

14.80 

4 

24  11 

41 

50 

273.06 

5 

11 

46 

53 

16.41 

4 

11 

50 

44 

16.33 

4 

27     7 

44 

48 

97.15 

6 

Extremely  difficult. 

7 

50 

46 

16.04 

5 

7 

54 

12 

16.56 

5 

31     7 

32 

2 

233.19 

5 

7 

36 

42 

14.44 

4 

7 

40 

30 

14.59 

4 

1901  September 

—  Cont. 

d       1 

23  15 

90°  time 
36"   3' 

25L58 

Coinp. 
6 

15 

41 

24 

15.72 

4 

15 

45 

19 

15.67 

4 

24   15 

6 

31 

190.32 

9 

15 

13 

30 

10.61 

5 

15 

17 

28 

10,51 
Ortobi-r 

5 

1   15 

14 

35 

104.70 

5 

15 

20 

54 

15.47 

5 

15 

25 

44 

15.50 

5 

20  16 

35 

43 

12.11 

6 

16 

41 

<) 

13.50 

4 

16 

45 

7 

1 3.09 

5 

21   13 

37 

48 

325.18 

7 

13 

43 

42 

11.52 

5 

13 

47 

33 

11.32 

5 

22  14 

7 

36 

35.14 

6     Th 

14 

14 

39 

9.31 

5     not 

14 

19 

17 

9.44 

5 

29  13 

14 

2'> 

218.76 

6 

13 

22 

28 

12.46 

4 

13 

28 

2 

12.59 
November 

4 

12  16 

19 

58 

68.03 

5 

16 

24 

19 

16.36 

4 

16 

27 

36 

16,32 

4 

18  14 

44 

37 

65.43 

6 

14 

49 

5 

15.67 

4 

14 

52 

9 

15.69 

4 

19  10 

57 

0 

11.77 

6 

11 

2 

29 

11.20 

4 

11 

6 

8 

10.91 

4 

26  15 

21 

28 

275.95 

6 

15 

26 

43 

16.31 

4 

15 

30 

25 

16.30 
Deci'mhet 

5 

10  11 

27 

30 

148.65 

7 

11 

33 

8 

10.90 

4 

11 

36 

35 

11.31 

4 

11 

41 

24 

148.17 

5 

15     9 

42 

0 

229.16 

6 

9 

49 

6 

13.94 

4 

9 

54 

1 

14.03 

4 

16  11 

26 

4 

138.90 

6 

11 

31 

18 

12.38 

4 

11 

35  36 

12.08 

5 
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7  25  23 
7  32  39 
7  39     7 

7  13  16 
7  19  27 
7  23  39 

6  49  19 
6  54  oo 

6  58  32 

7  0  6 
7  5  10 
7     8  11 

6  42  2 
6  49  1 
6  53  41 

6  48  50 
6  53  57 
6  57  25 

6  44  52 
6  49  9 
6  51  56 


24 


14 


1902  February. 
Comp. 

93.12  .    .        5     Excessively  difficult. 

.    .    .        16.34       4 
.    .    .        16.65       4 


145.63 


88.66 


37.53 


261.50 


204. 


120.49 


11.53 
11.13 


16.83 
16.68 


13.28 
12.96 


16.59 
16.59 


11.70 
11.72 


12.98 
13.23 


March. 


6 


17     8  32  45       341.65 


18 


8  39  34 
8  42  54 

10.14 
10.31 

5 

5 

8  19  35 
8  24  35 

8  28  24 

274.38 

15.59 
15.74 

6 
4 
4 

7  42  45 
7  48  59 
7  53     4 

270.59 

15.81 
16.17 

5 
5 

7  54  43 

8  2  40 
8     7  19 

227.00 

14.28 
13.69 

9 
4 
5 

7  42     4 
7  4>.i     1 

7  54  55 

8  0     1 
8     3  26 

213.17 
78.46 

April. 
12.53 

16.26 
16.21 

5 

5 
5 

Single  distances ; 
very  difficult,  and 
lost  in  clouds. 

7  51    17 

7  r>{j  2S 

8  0     6 

119.12 

13.50 
13.27 

6 
5 
5 

7  36  33 
7  41  45 
7  45  32 

73.84 

16.24 
16.06 

6 
4 
4 

7  45  35 
7  49  ->C, 
7  53     6 

19.5S 

11.07 
l(t.7S 

4 
5 

Observations  of  the  Satellite  of  Neptane,  1902-1903. 
1902  August. 
00°  time  Comp. 

183°85 


25  16  7  47 
16  12  55 
16  17  18 


1  15  22  18 
15  27  38 

15  31  26 

8  16  21  51 

16  29  56 
16  34  2 

9  15  21  34 
15  28  39 
15  32  47 

15  15  19  56 
15  27  44 
15  33  52 

16  15  12  6 
15  17  43 
15  22  3 

18  15  38  54 
15  47  17 
15  51  52 

29  14  41  55 

14  46  57 

15  51  0 


6  15  38  5 
15  43  4 
15  46  57 

7  13  15  17 
13  23  12 

13  30  16 

13  15  1  27 
15  8  50 
15  12  28 

14  14  46  51 

14  54  7 
14  59  2 

27  17  5  13 
17  12  16 
17  16  20 


24  11  2  50 
11  S  12 
11    11   34 


.    .        5     Exceedingly  faint, 
10.21       5     clouds. 
10.25       5 


104.1; 


September. 

15.56 
15.32 


54.54 


338.9: 


329.09 


273.21 


141.42 


126.34 


116.7: 


r7.34 


69.44 


73.98 


30.54 


8     Difficult. 

4 
4 


14.05 
14.20 


10.75 
10.77 


8     Excessively  difficult. 


11.18       5     Verj-  faint  and 
11.95       5     difficult;  clouds. 


16.09 
15.79 


11.46 
11.97 


13.45 
12.96 


Ortoher. 


14.20 
14.51 


8  Satellite  fairly  well 
4  seen ;  observations 
4     good. 

7     Excessively  difficult. 

4 

4 

6     Sky  fogging. 
4 


.    .        6     Satellite  very  faint; 
16.39       4     seeing  excessively 
16.43       5     bad. 


16.25 
15.94 


11.38 
11.06 


16.93 
16.65 


7     Satellite  difficult. 


8     Satellite  very  faint. 
6 


10     Satellite  very  faint. 
4 
4 


'.Vi)C(Vn/><t. 

.    .         6     Sat«llite  fairlv  well 
12.27       4     seen. 
12.03       4 
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1902  Derem 

ler. 

1903  /• 

fiJiriKirtj 

—  Cont. 

90 

"  time 

'omp. 

90 

'  time 

Comi 

1 

ii 
14 

52 

1       s 

9 

289^37 

7 

Satellite  well  .seen. 

16 

8 

45" 

4. •5" 

272^99 

8 

Satellite  very  diffi- 

14 

57 

15 

14.99 

5 

S 

54 

16 

16.13 

5 

cult. 

15 

1 

11 

15.02 

5 

8 

57 

56 

15.79 

•'■' 

30 

9 

19 

38 

332.34 

8 

Exce.s.sively  difficult. 

17 

8 

35 

29 

231.00 

9 

9 

27 

33 

11.98 

4 

8 

39 

29 

14.09 

4 

9 

34 

32 

11.73 

6 

23 

8 

8 

42 
42 

47 
21 

223.58 

13.70 

4 

6 

Satellite  easy. 

1903  January. 

8 

48 

11 

1  ;?.;5i 

5 

12 

9 
9 

52 
59 

57 
28 

2G1.SC 

16.G8 

6 
4 

Question  if  tlie  satel- 
lite ;  very  faint. 

8 

52 

33 

13.19 

5 

10 

4 

45 

16.80 

4 

24 

9 

39 

17 

136.30 

8 

Satellite  well  seen. 

9 

45 

33 

12.00 

5 

19 

9 
9 
9 

28 
34 
38 

24 
3 

28 

202.;'.4 

11.77 
11.41 

5 

^'elT  faint; 
in  clouds. 

2 

9 

8 

49 
16 

8 
14 

132.06 

12.00 
Marrh. 

5 
10 

Satellite  faint. 

20 

7 

49 

38 

123.08 

6 

Satellite  better  seen 

8 

''2 

36 

12.57 

5 

7 

55 

Ifi 

1.3.22 

5 

than  at  any  observa- 

8 

26 

13 

12.49 

5 

7 

58 

58 

13.16 

Fehruuri/ 

5 

tions  this  season. 

25 

8 
8 

8 

19 
26 
31 

27 
34 

1 

175.82 

10.03 

10.58 

5 
5 

Satellite  well  seen. 

2 

12 

30 

25 

239.03 

(i 

Clouds  stopp'd  obsns. 
Excessively  difficult. 

;50 

10 

0 

0 

235.44 

5 

9 

9 

24 

58 

344.22 

8 

Satellite  very  faint. 

10 

6 

5 

14.57 

4 

9 

32 

44 

10.76 

5 

10 

9 

25 

14.15 

5 

9 

37 

37 

10.78 

rj 

The 

times  are  all  six  hours  slow  of  Greenwich. 

Verkcs  OhsertaUiry,  Winiaiiia  Baij,  IT'/.s.,  1903  April  15. 


COMET  b  1903. 

[From  Ritchie's  Circular,  Xo.  134,  of  May  S.] 
A  cable  message  from  Dr.  Kreutz  via  Harvard  College 
Observatory,  received  May  2,  announced  the  discovery  of  a 
comet  by  Gkiggs  of  Thames,  N.Z.,  on  April  17,  a  position 
secured  by  Mr.  Tebbutt  of  Windsor,  N.S.W.,  accompany- 
ing the  announcement.    The  latter  position  is  the  following : 

April  26.8617  Gr.  M.T.,  R.A.  4"  3"-  1'.6,  Decl.  -16°  23'  25". 

The  daily  motion  of  the  object  -was  given,  1°  26'  in  E.A., 
and  south  27'  in  Declination. 

A  later  message  gives  the  following  orbit,  computed 
by  Dr.  Keeutz  from  observations  of  April  26,  29  and 
May  1. 


Elements. 
T  =  1903  March  25.51  Greeuw.  M.T. 

TT  =  186  41  ) 

9,  =  213  15  ^Mean  Eq.  1903.0 
i  =     66  30  ) 
q  =  0.5135 

Ephemeris. 


Gr.  Midnight 

R.A. 

Decl. 

Br. 

1903 

h       ni       8 

0           ' 

May    9 

5  14  44 

-21     1 

0.60 

13 

5  36  44 

-22     3 

17 

5  58     8 

-22  54 

21 

6  18  52 

-23  35 

0.38 

Brightness  at  discovery  =  1. 
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The  True  Radii  of  Convergence    of  thk  Expressions   for  the  Ratios  of  the  Triangles  when   Developed  as  Power- 

Sertes  in  the  Time-Intervals,  by  F.  R.  Moulton. 
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Observations  of  Comet  a  1903  (Giacobini),  by-  C.  \V.  Frederick. 
Observ.^^tions  of  Comet  d  1902  (Giacobini).  by  T.  McX.  Simpson,  Jr. 
Results  of  Observations  with   the  Zenith  Telescope,  Flower   Observatory',  University   of   Pennsyi.vani.a,  by 

C.    \j.    DOOLITTLE. 

Micrometer  Observations  of  the  Satellite  of  Neptune,  in  1901-1902  and  1902-1903,  by  E.  E.  Barnard. 
Comet  b  1903. 


Associate  Editors,  Asap 


.  and  Lbwis  Boss. 


;  (Boston  Postal  District),  Mass., 
Prick.  Js.oo  the  Vo 


BY  S.  C.  Chandi,k«.     Addbbss.  Cambkidgs.  Mass. 

Press  of  Thos.  P.  Nichols.  Lynn.  Mass.    Closed  May  14. 


THE 


ASTRONOMICAL    JOURNAL. 

FOUNDED     BY     B.     A.     OOULD 

No.  539. 


VOL.  XXIII. 


BOSTON.    1903    JUNE    1. 


NO.  11 


OX    THE    PHOTOGRAPHIC    EFFICIEI^CY    OF    A    13-IN(  II     KEFLECTOR 

OF    20-INX'HES    FOCUS, 

By  J.  M.  SCHAEBERLE. 


For  certain  lines  of  astronomical  work  the  eflScieney  of 
the  mirror  described  in  this  paper  seems  to  be  remarkablj' 
great.  A  brief  review  of  the  well-known  theoretical  and 
practical  principles  involved  may  be  desirable  before  com- 
paring the  photographic  results  with  the  data  given  by 
powerful  existing  telescopes. 

If  /  denotes  the  intensity  of  the  image  of  a  large  celes- 
tial area  as  formed  by  a  theoretically  perfect  lens  or  mirror 
having  the  focal-length  F  and  diameter  T),  then  accord- 
ing to  the  principles  of  geometrical  optics  we  can  write 


(1) 


For  a  given  celestial  object  the  factor  a  in  the  above 
and  following  equations  will  be  assumed  to  have  the  same 
value  for  all  telescopes  near  the  limit  of  photographic 
vision. 

If  /'  is  to  be  the  intensity  of  the  same  surface  in  a 
second  telescope  whose  known  aperture  is  D'  =  nD,  then 
the  required  focal  length  F'  is  given  by 


(2) 


F<  =  nF    \L 


When,  however,  the  luminous  area  is  very  small  the 
above  formulas  become  sensibly  inaccurate,  and  finally, 
when  the  image  is  that  of  a  fixed  star,  they  are  no  longer 
even  approximatelj'  true. 

Long  ago  Aiky  demonstrated  malhematically  that  ac- 
cording to  the  undulatory  theory  of  light  the  diameter  of 
the  spurious  disk  of  a  star,  as  formed  on  the  optical  axis 
of  a  theoretically  perfect  telescope,  varies  inversely  as  the 
diameter  of  the  image-forming  surface.  So  that  if,  for  in- 
stance, the  effective  diameter  of  the  lens  or  mirror  is 
doubled  the  image  contracts  to  one-lialf  its  former  diameter, 
resulting  in  a  four-fold  increase  in  the  light-intensity. 

For  fixed  stars  we  therefore  have  the  expression, 


<3) 


In  order  that  the  intensity  of  the  same  star  in  a  second 
telescope  shall  be  J'  the  value  of  F'  must  now  be 


/■'  =  „=/- J- 


(4) 


Equations  (1)  and  (3)  show  that  the  ratio  of  the  intensi- 
ties of  the  same  star  in  any  two  telescopes  is  n-  times  as 
great  as  the  surface-intensity  ratios  in  the  same  telescopes. 
So  far  as  the  contrast  (between  a  star  and  a  surface  against 
which  it  appears  projected)  depends  upon  these  ratios  it 
may  be  said  to  vary  with  the  area  of  the  aperture :  for  if 
we  assume  the  aperture  to  remain  constant  and  the  focal 
length  to  change,  both  star  and  surface  would  vary  accord- 
ing to  the  same  law,  so  that  the  increase  in  contrast  due 
to  a  diminution  of  the  focal  length  results  simply  from  the 
smaller  scale  of  the  image.  In  the  former  case  the  change 
in  contrast  may  be  said  to  be  real,  in  the  latter  case  only 
apparent. 

In  visual  work  there  are  a  number  of  serious  objections 
to  the  plan  of  securing  greater  intensity  by  decreasing  the 
focal  length  indefinitely  to  a  certain  limit.  If  in  addition 
the  image-forming  surface  is  composed  of  a  system  of  lenses, 
apparently'  insurmountable  errors,  due  mainly  to  chro- 
matic aberration,  are  introduced.  Nearly  all  of  these 
objections  are  removed  when  the  parabolic  reflector  is 
used  in  connection  with  the  photographic  plate,  and  only 
such  work  undertaken  which  deals  with  images  near  the 
optical  axis.  The  obstacles  to  be  overcome  in  the  attempt 
to  secure  the  best  results  on  a  veri/  small  scale  seem  to  be 
almost  wholly  of  a  mechanical  nature..  If  a  mirror  can  be 
figured  with  such  perfection  that  the  microscopic  images 
on  the  pliotographic  plate  have  angular  diameters  not  much 
greater  than  the  corresponding  pliotographic  images  formed 
by  a  powerful  telescope,  then,  with  the  aid  of  a  microscope 
it  will  be  possible  to  study  certain  special  problems  with 
even  greater  facility  than  can  be  done  with  any  visual 
telescope. 

As  an  effort  towards  determining  how  far  the  power  of 

(100) 
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a  telescope  can  be  increased  by  diminishing  the  scale,  and 
still  have  the  theoretical  and  practical  advantages  for  cer- 
tain kinds  of  work  outweigh  the  disadvantages,  an  extreme 
case,  or  rather  a  case  believed  to  be  extreme  at  the  time, 
was  decided  on  for  trial.  It  may  be  of  interest  to  give  a 
brief  description  of  the  instrument. 

Two  parabolic  mirrors  were  figured.  One  with  an  aper- 
ture of  12  inches,  and  a  focal  length  of  46  inches  is,  with  a 
power  of  360  diameters,  used  as  a  Newtonian  guiding  tele- 
scope for  the  second  or  principal  mirror.  This  has  a  clear 
aperture  of  13  inches,  and  a  focal  length  of  20  inches.  The 
tubes  containing  these  mirrors  are  bolted  together,  and  are 
carried  by  an  equatorial  mounting  of  the  old  English  style. 

For  focussing,  a  battery  of  three  objectives  of  a  com- 
pound microscope  is  placed  so  close  to  the  three  points  of 
support  of  the  photographic  plate,  that  the  latter,  or  the 
ground-glass,  can  just  be  slipped  into  position.  A  small 
rectangular  prism  back  of  the  lenses  throws  the  rays  to  the 
eye-piece  (at  the  side  of  the  tube).  The  magnifying  power 
is  somewhat  greater  than  400  diameters,  and  the  diameter 
of  the  visual  field  of  view  is  about  three  minutes  of  arc. 

As  the  "  expense  "  item  is  a  rather  serious  matter  in  a 
private  undertaking  of  this  nature,  a  number  of  deviations 
from  the  usual  plans  were  made,  and  parts  not  necessary 
for  securing  the  highest  possible  degree  of  accuracy  were 
not  finished. 

In  long  exposures  a  good  driving-clock  is  almost  as 
essential  as  a  well-figured  mirror,  or  a  good  focal  adjust- 
ment of  the  photographic  plate.  For  this  purpose  a  simple 
governor  was  made  for  an  old  eight-day  clock  movement, 
and  a  few  other  parts  added,  the  chief  one  being  a  care- 
fully cut  J-inch  steel  screw  two  feet  long,  with  24  threads 
to  the  inch.  This  screw  revolves  once  in  14  seconds,  and 
thus  gives  a  horizontal  motion  to  a  Babbitt-metal  nut. 
Two  thin  steel  bands  (whose  ends  are  fastened  to  the  nut 
and  sector-arc  of  43  inches  radius  respectively)  make  the 
connection  between  the  clock  and  the  hour  axis.  A  third 
band  on  the  sector  is  connected  with  a  simple  arrangement 
for  producing  a  constant  pull  of  about  two  pounds  (a  few 
ounces  will  move  the  telescope)  to  keep  the  other  two  bands 
taut.  The  clock  has  simply  to  overcome  the  friction  in  the 
nut  due  to  the  pull  of  two  pounds.  The  clock-platform  is 
mounted  on  three  wheels,  and  perfect  slow-motion  in  E.A. 
is  secured  by  a  slight  pull  on  an  endless  rope,  which  turns 
a  screw,  and  thus  moves  the  clock  horizontally  along  a 
tangent  to  the  sector-arc.  The  clock  can  be  made  to  run 
two  hours  without  re-winding.  These  parts  are  all  out  of 
the  way  under  the  observing  floor. 

A  small  finder  attached  to  the  main  tube  serves  its  usual 
purpose  well.  Inclosing  the  whole  is  a  cylindrical  sheet- 
iron  dome  eight  feet  in  diameter.  The  guiding  star  is 
always  the  brightest  one  to  be  found  within  a  degree  or 
two  of  the  object  to  be  photographed  (^the  variations  in  the 


differential  refraction  etc.  are  practically  insensible  during 
the  short  time  required  for  the  exposure);  the  12-inch 
mirror  is  tilted,  and  the  eye-piece  shifted  laterally  to  suit 
each  jiarticular  case.  For  more  than  two  years  I  have  been 
wholly  occupied  with  these  optical,  mechanical  and  experi- 
mental efforts  to  increase  the  efficiency  of  the  photographic 
telescope  (along  certain  lines)  without  increasing  its  size. 

The  one  great  difficulty  which  limits  the  power  of  even 
the  largest  telescope  long  before  its  capabilities  have  been 
exhausted,  results  from  the  fact  that  near  the  limit  of 
vision  we  have  to  deal  with  a  luminous  area  (caused  pri- 
marily by  reflections  in  our  atmosphere,  and  in  a  less 
degree  by  reflections  in  space,  nebulous  areas  and  faint 
stars.     Instrumental  defects  tend  to  increase  the  trouble). 

With  a  given  illumination  of  the  sky  (due  to  any  cause 
exterior  to  the  instrument)  it  would  seem  that  as  soon  as 
the  image  of  this  sky-background  begins  to  show  on  the 
jihotographie  plate  the  faintest  stars  which  can  ever  be 
photographed  with  any  telescope,  under  the  same  con- 
ditions of  sky,  have  already  made  their  impressions  on  the 
same  plate,  and  are  necessarily  of  greater  intrinsic  bright- 
ness than  this  background.  To  make  these  limiting  im- 
pressions visible,  the  contrasts  must  be  increased ;  assum- 
ing the  exposure  and  development  of  the  plate  to  be  the 
best  possible,  this  can  only  be  done,  it  would  seem,  by  in- 
creasing the  diameter  of  the  aperture. 

Before  the  instrument  was  finished  or  even  commenced, 
it  seemed  reasonable  to  admit  that  even  if  the  theoretical 
requirements  could  be  practically  fulfilled,  the  large  exist- 
ing telescopes,  of  darker  field,  might  in  long  exposures  be 
able  to  reveal  stars  several  magnitudes  fainter  than  could 
be  obtained  with  the  contemplated  instrument  during  the 
comparatively  short  time  a  plate  could  be  exposed  to  ad- 
vantage  in  its  bright  field. 

When,  therefore,  the  remarkable  fact  was  made  apparent 
that  negatives  exposed  for  less  than  five  minutes  with  the 
13-inch  mirror  revealed  stars  apparently  beyond  the  reach 
of  the  36-inch  refractor  of  the  Lick  Observatory,  and  also 
revealed  every  star  shown  on  a  published  photograph  which 
had  an  exposure  of  two  hours  in  the  Ckossley  reflector 
(aperture  3  feet,  focal  length  17.5  feet),  the  result,  although 
not  wholly  unlocked  for,  really  exceeded  expectations. 

In  experiments  made  for  the  purpose  of  finding  some 
way  to  lessen  the  drawback  of  a  bright  field,  photographic 
plates,  both  common  and  orthochromatic,  varying  in  sensi- 
tiveness from  the  most  rapid  to  the  slowest,  were  employed, 
with  the  expected  result  that  slow  plates  give  the  greatest 
contrasts,  but  always  at  the  expense  of  increased  exposure- 
time. 

A  serious  objection  to  a  very  long  exposure  exists  when, 
as  in  my  case,  the  image  of  the  guiding  star  is  not  made  by 
the  surface  which  forms  the  photographic  image.  In  long 
exposures  the  varj'ing  stresses  as  the  instrument  revolves 
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on  the  hour  axis  may  and  often  do  cause  a  relative  drift  of 

images  in  the  two  telescopes  suflfieiently  great  to  become 
sensible  under  high  powers,  therebj'  annulling  to  a  certain 
extent  the  value  of  the  result.  The  method  of  the  sliding 
plate-holder  used  with  so  much  success  bj'  Common,  the 
Lick  Observatory  Astronomers,  by  Ritchie  of  the  Yerkes 
Observatory,  and  others,  could  evidently  not  be  advan- 
tageously employed  in  the  present  case.  Mr.  Roberts, 
the  English  astronomer,  who  has  done  so  much  valuable 
work  in  celestial  photography,  uses  a  novel  but  costly 
method  of  his  own.  For  making  his  remarkable  photo- 
graphs of  the  Milky-Way  I'rof.  Barnard  used  a  small 
achromatic-guiding  telescope  strapped  to  a  six-inch  portrait- 
lens  of  about  oO  inches  focus,  which  gave  a  large  field  fairly 
well  covered.  The  notable  discoveries  of  Dr.  Max  Wolf 
are  made  with  similarly  mounted,  but  larger,  objectives. 

The  photographs  taken  with  the  13-inch  mirror  referred 
to  below  are  all  made  on  commercial  Seed  plates,  No.  27. 
A  5  X  7  plate  is  cut  into  18  pieces,  so  that  each  plate  is 
J  X  5  inches ;  the  negative  proper  is  near  the  center  of  the 
plate,  and  ordinarily  about  0.1  or  0.2  inch  in  diameter, 
which  can  be  increased  to  0.5  inch  if  so  desired. 

To  determine  the  approximate  magnitude  of  the  faintest 
stars  visible,  a  number  of  plates  were  exposed  on  certain 
regions  covered  by  a  chart  which  Prof.  Tucker  made  with 
the  aid  of  the  36-inch  refractor  of  the  Lick  Observatory. 
This  chart  shows  stars  down  to  the  17th  magnitude;  it  is 
printed  in  the  rublications  of  the  Astronomical  Society  of 
the  Pacific,  No.  37. 

In  any  given  region  of  the  chart  following  a  Leonis  all 
but  the  faintest  stars  are  photographed  with  an  exposure 
of  one  minute.  In  a  two-minute  exposure  practically  every 
star,  within  4'  or  5'  of  the  optical  axis,  in  any  given  region 
of  the  chart,  is  revealed,  and  near  the  center  of  the  nega- 
tive new  ones  are  usually  to  be  detected.  Before  the 
development  of  a  plate,  exposed  for  2"',  is  complete,  the 
background  image  plainly  shows  on  the  negative,  so  that 
under  the  ordinary  conditions  existing  here*  no  material 
advantage  is  to  be  gained  by  prolonging  the  exposure  much 
beyond  15  or  20  minutes. 

Under  favorable  circumstances,  then,  this  instrument 
certainly  photographs  stars  fainter  than  the  17th  visual 


*  My  little  private  experimental  observatory  is  surroundcii  by  resi- 
dences, a  dozen  or  more  within  a  stone's  throw.  The  combinations 
of  smoke  and  nearby  powerful  arc  lights  {for  street  illumination) 
« liicli  liurn  at  all  liours  of  the  night  when  the  moon  is  not  above  the 
lioiizon,  often  produce  great  variations  in  the  sky-background, 
amoimting  at  times  to  several  stellar  magnitudes,  in  an  otherwise 
clear  sky. 

The  brightness  of  the  Held  of  view  may  be  slightly  atTccled  by  a 
series  of  scnitches  which  (wlien  well  ailvanced  with  the  work  after 
long  and  patient  figuring)  were  made  through  an  accident  to  the 
pcdislier  of  my  machine.     The  variation  in  tlie  radius  of  curvature  is 


magnitude  in  less  than  five  minutes.  For  determining  the 
photographic  magnitude  of  these  fainter  stars  no  general 
method,  making  any  claim  to  accuracy,  is  known.  For 
comparison  with  other  results,  the  best  available  data  seem 
to  be  Professor  Keei.er's  photographs  of  the  Ring  nebula 
in  Lyra,  published  in  the  Asfrophi/sicnl  Journal,  Vol.  10, 
p.  193.  I  have  photographed  this  nebula  at  various  times 
with  the  13-inch  mirror,  and  give  here  the  results  secured 
under  the  most  favorable  conditions. 

The  nebula  is  just  to  be  recognized  on  negatives  ex- 
posed for  4*.  In  8'-negatives  the  central  star  shows  plainly, 
as  does  also  the  13th  magnitude  (Lassell  1)  close  following 
the  nebula.  In  16'-negatives,  the  nebula  and  these  two 
stars  are  quite  conspicuous. 

In  negatives  exposed  for  32*  Lassell's  Star  3  is  just  to  be 
recognized  (this  star  according  to  Keeler  is  still  invisible 
on  his  original  negative  exposed  for  two  minutes  in  the 
3-foot  reflector).  Lassei.l's  Star  2  is  plainly  seen,  as  is  also 
the  10"  distant  companion  to  the  central  star.  In  64*- 
negatives  all  the  stars  to  be  found  on  the  published  plate 
of  Keeler's  10-minute  negative  can  be  recognized.  In 
negatives  of  128'  exposure  quite  a  number  of  stars  are 
visible  which  do  not  show  on  Keeler's  two-hour-exposiire 
plate;  they  are  doubtless  to  be  found  on  his  original  nega- 
tive. In  a  one-minute  exposure  the  background  of  the  sky 
is  already  faintly  to  be  seen  on  fully  developed  negatives. 
In  two  minutes,  as  already  stated,  it  is  quite  strongly  im- 
pressed upon  the  plate.  As  the  exposure  time  is  prolonged 
the  density  of  all  objects  increases,  and  the  faintest  objects 
can  be  recognized  with  greater  certainty.  I  have  prolonged 
the  exposure  up  to  60  minutes,  but  nearly  every  star  shown 
on  the  resulting  negative  can  be  found  on  plates  exposed 
for  less  than  five  minutes. 

Perhaps  the  best  illustration  of  the  power  of  this  com- 
paratively small  instrument  is  the  fact  that  it  has  revealed 
the  true  form  of  the  Hing  nebula  in  Lijra.  This  is  now 
plainly  shown  to  be  a  tiro-liranched  spiral  which  starts  at 
the  central  star,  and  in  a  clock-wise  direction  leaves  it  on 
opposite  sides  near  the  minor  axis.  With  a  spider-line 
micrometer  attached  to  acomjioiuid  microscope  magnifying 
100  diameters,  I  have  measured  the  following  distances 
from  the  central  star  to  points  where  the  tlirTi-   V-'  ^rcs 


so  rapid  in  this  mirror,  that  the  slightest  indentation,  .ir.f  . m.er  to 
hubbies  or  scratches,  causes  the  jK>lisher  to  change  the  surface  in  the 
immediate  neighborhood  of  every  defect.  1  was,  on  this  account, 
forced  to  discontinue  the  liguring  somewhat  before  il  should  have 
been  done.  .\s  a  residt,  a  somew  hat  imperfect  |H>lish  and  small  rings 
still  exist. 

The  general  curvature  of  the  whole  surface  is  very  satisfactory,  and 
the  detinilion  is  much  the  best  of  all  my  past  amateur  efforts  in  the 
way  of  figuring  parabolic  surfaces.  The  I'J-inch  mirror  has  •  good 
liuure,  and  no  scratches. 
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cross  the  major  axis,  beginning  at  the  preceding  end,  —45", 
-36",  -28",  -19",  -10",  +12",  +21",  +28",  +30",  +44"; 
'•ertain  of  these  arcs  are  plainly  double,  the  mean  position 
is  in  such  cases  given  above.  The  one  crossing  at  +10" 
starts  on  the  south  side  of  the  star;  the  one  at  —12"  is  the 
first  crossing  of  the  ?wrth  branch,  etc.  The  distances  on 
the  minor  axis  from  the  central  star  to  tangents  parallel  to 
the  major  axis,  for  the  several  individual  arcs  clearly  to  be 
distinguished,  are  approximately  as  follows :  beginning  on 
the  north  -13",  -9",  +2",  +7",  +12",  +17".  Those  at 
_9"  and  +2"  correspond  to  the  iuuermo,st  north  and  south 
tangents  respectively,  etc. 

From  the  central  star  outward  both  branches  can  be 
traced  continuously  through  arcs  of  at  least  420°,  after 
which  they  seem  to  run  into  each  other  in  projection, 
forming  heavier  rings  apparently  corresponding  to  the 
inner  edge  of  the  main  nebula ;  at  certain  other  positions 
they  are  again  farther  apart,  giving  rise  to  darker  areas, 
and  producing  the  impression  that  two  or  three  nearly  cir- 
cular non-concentric  heavy  rings  form  the  main  ring.  The 
scale  of  the  whole  photographic  image  is 

90"  X  60"  =  0'"-.000  X  0'"-.006 

There  seems  to  be  real  nebulosity  near  the  13"  star  and 
in  the  area  inclosed  by  the  two  tangents  from  this  star  to 
the  extreme  outer  boundary  of  the  nebula. 

From  the  data  already  given,  it  appears  that,  for  ex- 
posures of  two  minutes  or  less,  the  smaller  instrument 
photographs  stars  in  about  one-fourth  of  the  time  required 
by  the  larger;  or,  at  a  given  instant  reveals  stars  1.6  mag- 
nitudes fainter.  According  to  equation  (3)  it  should,  theo- 
retically, be  only  0.8  magnitude,  assuming  that  plates  of 
equal  rapidity  were  used  at  both  instruments.  The  diffi- 
culties connected  with  the  guiding  of  the  Crosslet  telescope 
which  Keeler  mentions  in  another  paper  (Ap.  J.,  Vol.  XI, 
No.  o)  will  almost  wholly  account  for  the  difference.  Also 
to  be  considered  is  the  fact  that  the  best  rays,  amounting 
to  y'g^  of  the  total  light,  are  cut  off  by  the  diagonal.  With 
the  13-inch  no  trouble  is  experienced  in  keeping  the  guid- 
ing image  at  the  intersection  of  two  spider  lines  with  a 
power  of  360  diameters  on  the  guiding  telescope  ;  the  plate 
holder  stops  only  ^^^  part  of  the  light,  and  there  is  no 
second  reflection.  The  difficulties  of  guiding  should  have 
less  effect  on  the  visibility  of  a  nebula,  and  this  is  shown 
in  the  foregoing  comparison.  Keeler's  negative  just  re- 
veals the  nebula  in  a  30-seeond  exposure,  but  I  have  not 
yet  succeeded  in  photographing  it  in  less  than  4  seconds, 
while  according  to  equation  (1)  it  should  require  but  2 
seconds ;  here  the  purer  sky  of  Mt.  Hamilton  is  clearly  in 
evidence. 

As  a  result  of  these  observations  and  comparisons,  I  am 
inclined  to  agree  with  the  views  expressed  by  Mr.  Roberts, 
that  stars  much  fainter  than  the  ISth  or  19th  masTnitude 


cannot  be  photographed  with  any  instrument  working  near 
sea-level  or  at  moderate  altitudes. 

Variations  in  the  sky-illumination  for  different  directions 
in  space,  independent  of  those  caused  by  our  atmosphere, 
could  readily  be  made  with  a  short-focus  instrument  of  this 
kind  placed  in  a  favorable  climate  and  10,000  feet  or  so  in 
altitude.  By  slightly  changing  the  plate  after  each  ex- 
posure fifty  or  more  protected  images,  each  a  few  minutes 
of  arc  in  diameter,  could  be  made  on  the  same  negative  in 
a  single  night.  The  exposure  time,  the  zenith  distance 
(=  colatitude?)  and  the  development  being  the  same  for 
each  image,  direct  comparisons  would  be  possible.  In  work 
of  this  kind  it  would  be  just  as  necessary  to  have  accurate 
following  as  in  photographing  a  nebula.  This  is  plainly 
evident  from  an  examination  of  some  experimental  nega- 
tives where  the  field  is  two  or  three  degrees  in  diameter. 
The  aberrational  spread  of  the  star  images  causes  the 
appearance  of  a  sensibly  increasing  density  of  the  photo- 
graphic background  with  increasing  distance  from  the 
optical  axis. 

Near  the  center  of  the  negative  an  image  may  have  great 
density,  and  yet  be  so  small  that  it  is  wholly  invisible  to 
the  naked  eye.  With  poor  guiding,  however,  this  would 
no  longer  be  true,  and  the  resulting  background  would  not 
represent  the  actual  brightness  of  the  area  i^hotographed. 
For  the  observations  of  variable  stars  the  value  of  the 
saving  in  time  where  very  faint  stars  are  under  observa- 
tion can  hardly  be  overestimated. 

These  faint  stars  give  disks  so  small  that  they  are  far 
beyond  the  reach  of  naked-eye  vision ;  near  the  optical 
axis  they  do  not,  under  favorable  conditions,  exceed  2"  in 
diameter  (=  0.0002  inches)  in  exposure  up  to  five  minutes 
or  more.  (I  have  made  instantaneoiis  exposures  on  t  Lyra, 
using  Seed's  lantern-slide  plates :  the  resulting  negatives 
show  the  individual  components  of  each  pair,  as  they  are 
successively  brought  near  to  the  optical  axis  by  moving  the 
telescope  in  declination.)  At  the  edge  of  the  field  of  view 
having  a  radius  of,  say  7',  the  brighter  stars  are  consider- 
ably enlarged  and  elongated  to  the  extent  indicated  in  the 
table  below.  For  the  fainter  stars,  however,  only  that 
portion  of  the  image  which  is  near  the  vertex  of  the  pattern 
is  sufficiently  strong  to  make  a  record  on  the  plate,  so  that 
at  a  distance  of  4'  or  5'  from  the  optical  axis  these  fainter 
stars  still  appear  quite  small,  though  sensibly  elongated. 

For  preliminary  examinations  of  the  negatives,  lenses 
varying  from  about  one-half  inch  focus  to  the  shortest 
focus  (one-eighth  inch  or  less)  conveniently  available,  should 
be  at  hand. 

For  approximate  measures  a  simple  position  filar  microm- 
eter attached  to  a  compound  microscope  with  powers  vary- 
ing from  20  to  200  diameters  (the  higher  powers  for  such 
objects  as  £  Lyra  mentioned  above,  and  also  for  structural 
detail  in  nebulas,  etc.)  can  be  most  advantageously  used. 
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I  find  that  the  most  satisfactory  illumination  is  afforded 
by  light  reflected  (or  transmitted)  by  a  rough  surface  which 
subtends  a  large  solid  angle  at  the  negative. 

A  very  effective  method  of  examining  the  plates, 
especially  those  of  short  exposure,  is  to  use  a  dark  back- 
ground, illuminating  the  negative  with  a  strong  side-light: 
bv  this  procedure  all  the  fainter  obiects  become  luminous, 


blurring  factor  istYiereioxe  1.08.     The  analytical  expression 

for  this  factor  (Astr.  Jour.,  No.  435)  is 
1 


cos  V  cos' i  V 

which  gives,  as  it  should,  the  same  value. 

When  delicate  results  are  required  at  considerable  dis- 


RING    NEBULA    IN     LYRA. 


Photographed  by  J.  M.  SCHAEBERLE 
20-inch  Focus,  Oct.  30.  1902;  exposur 
150  diameters. 


'ith    13-inch   Reflector  of 
,128  seconds.     Enlarged 


ASTRONOMICAL   JOURNAL     No 


and  seventh  exposures  by  the  forinulas, 

ax  +  III/  +  (•  +  J  =  X, 
(/.r  +  eij  +  f  +  //  =  .(/, 

These  in  tuiu  were  reduced  to  right-ascension  and  decli- 
nation by  means  of  the  st.andard  stars  published  in  the 
liulletins  of  the  astrophotographic  congress.     Two  methods 


means  of  the  ephemeris  in  Circular  No.  9  of  the  photo- 
grapliic  congress.  Finally,  frum  theste  the  observation- 
equations  were  formed,  and  the  solar  paralla:c  derived  by  a 
least-square  solution. 

The  measurements  were  made  with  the  Kepsold  measur- 
ing machine,  in  duplicate  by  .Mr.  Roy  Fkrner  and  myself. 
The  images  near   the   center,   which    include  Eros,   were 
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usually  round  and  well  deiined.  But  toward  the  edge  of 
tlie  plate  there  was  a  decided  elongation  and  tail.  I  have 
since  found  that  images  near  the  edge  can  be  very  much 
improved  by  capping  down  the  object-glass  to  about  nine 
inches,  without  greatly  diminishing  the  distinctness  of  the 
fainter  images.  A  marked  constant  difference,  between 
Mr.  Fernek's  measures  and  my  own  appears  in  the  dis- 
torted images,  but  does  not  show  in  the  round  stars. 

The  times  and  lengths  of  exposure  are  found  in  the  fol- 
lowiniT  table  : 


-    2.0 


Minneapolis 

15  ar. 

Minneapolis 

No 

Sid.  Time 

E.Kp. 

Ther. 

No. 

Sid.  Time 

Exp. 

1 

h   m   8 

22  8  19 

2 

In. 

29.18 

8 

ll    111    8 

3  24  49 

12 

2 

22  13  34 

2.5 

+  1°.0C 

9 

3  38  34 

2.5 

3 

22  21  19 

4 

_ 

10 

6  36  35 

2.5 

4 

0  41  34 

2.5 

_ 

11 

6  41  34 

2.5 

5 

0  49  4 

5 

_ 

12 

7  25  34 

2.5 

6 

1  28  34 

2.5 

_ 

13 

7  43  11 

4.5 

7 

1  38  49 

6 

- 

29.2t 


The  coordinates  are  measured  from  the  center  of  the 
plate,  and  are  corrected  for  error  of  run  and  scale-error, 
[n  reducing  them  to  the  mean  of  exposures  six  and  seven, 
the  different  stars  were  weighted  according  to  the  round- 
ness of  their  images. 

The  coordinates  of  Eros  resulting  from  this  reduction 
are  as  follows : 


Xo. 

X 

y 

No. 

r 

;/ 

1 

+  3.9712 

-0.1133 

8 

+  2.2;;3i 

-4.0826 

2 

3.9475 

0.1707 

9 

2.1C,.^.0 

4.2630 

,', 

3.9055 

0.2030 

111 

1.29S1 

6.7032 

4 

3.1428 

1.9742 

11 

1.2742 

6.7701 

,"") 

3.0993 

2.06C6 

12 

1.0903 

7.3808 

i; 

2.8817 

2.5G20 

13 

+  1.0119 

-7.0224 

7 

+  2.8232 

-2.6959 

These  places  were  next  reduced  to  right-ascension  and 
declination.  Owing  to  a  mistake  in  identification,  two  of 
the  standard  stars  most  favorably  situated  were  not  meas- 
ured. The  number  of  reduction  stars  were  thus  reduced  to 
six,  and  the}-  were  not  symmetrical  with  reference  to  Eros. 


The  stars  used  were. 


301 

+  50 

1 

26  59.882 

+  50  22 

1.06 

-  8.4971 

-38.6269 

331 

51 

27  58.()88 

51  19 

13.54 

+  1.5515 

+  18.6538 

334 

51 

28  33.784 

51  38 

28.98 

+  7.2.321 

+  37.9071 

338 

51 

29  22.497 

51  39 

7.70 

+  14.8256 

+  38.5047 

339 

51 

30  24.334 

51  14 

15.93 

+  24.3804 

+  13.5078 

314 

+  50 

1 

30  44.595 

+  50  44 

59.45 

+  27.4953 

-15.8812 

The  veductiou-equations  resulting  from  these  are, 
A,  with  refraction  applied  : 
+  0.00256  a-  secS-  0.001 25  y+  0M660  +  x  sec  8  +  ,<„  =  a 
+  0.11142*  secS  +  0.00257  y  +  0".338    +  .'/  +  8„  =8 

B,  refraction  not  applied  : 
+  0.00255a;  sec8  -  0.00125y  +  0M663  +  x  sec8  +  «„  =  a 
+  0.11328  a:  sec  8  +  0.00257  y  +  0".340    +  y  +  8,  =   S 


where  x  sec  8  is  expressed  in  seconds  of  time,  y  in  seconds 
of  arc,  and 


=  l'>  27'"  SO'.OO 


8„  =  51°  0' 


r".o 


and  a  and  8  are  the  right-ascension  and  declination  of  the 
star  for  1900.0. 

Bj'  means  of  these  formulas  the  following  right-ascensions 
and  declinations  of  Eros  were  obtained  : 


E.\;p. 

O-i 

a-B 

8a 

ts 

Motion 
a 

Motion 
8 

1 

h   t 

1  28 

15.334 

15*333 

+51°  o' 33^19 

33."24 

-5!378 

-2' 36^86 

2 

28 

15.187 

15.186 

51  0  29.75 

29.79 

-5.238 

-2  32.86 

3 

28 

14.928 

14.927 

51  0  24.20 

24.25 

-5.033 

-2  26.95 

4 

28 

10.211 

10.210 

50  58  41.40 

41.44 

-1.352 

-0  39.88 

5 

28 

9.942 

9.941 

50  58  35.85 

35.88 

-1.157 

-0  34.14 

6 

28 

8.597 

8.596 

50  58  0.08 

0.12 

-0.132 

-0  3.92 

7 

28 

8.236 

8.236 

50  57  58.04 

58.08 

+  0.132 

+  0  3.93 

8 

28 

4.598 

4.596 

50  56  34.74 

34.77 

+  2.853 

+  1  25.20 

9 

28 

4.179 

4.178 

50  56  23.87 

23.90 

+  3.204 

+  1  35.76 

10 

27 

58.870 

58.867 

50  53  57.42 

57.44 

+  7.684 

+3  52.73 

11 

27 

58.724 

58.722 

50  53  53.40 

53.42 

+  7.808 

+  3  56.58 

12 

27 

57.604 

57.002 

50  53  16.76 

16.78 

+  8.899 

+  4  30.52 

13 

1  27 

57.126 

57.124 

+  50  53  2.26 

2.28 

+  9.334 

+4  44.13 
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The  table  also  contains  the  corrections  due  to  the  motion 
of  the  planet  in  orbit.  From  this  table  the  equations  of 
coiulition  were  formed.  The  general  equation  is  repre- 
sented bv 


1"  28"'  8'.452  -i-Ja-  0'.9324 a— oJ/7— a  =  0 

50°  57'59".00  +  J&-  8".80a'    -  a'Jfl  -8=0 

and  the  equations  of  condition  are 


Ex- 

A 

B 

Vp 

posures 

r 

e 

1 

+  lJa  +1.63  J  n 

+o"l6  =  0 

+  0.13 

+o'l7  =  0 

+0.14 

1 

2 

+  1.60 

-0.04 

-0.07 

-0.03 

-0.06 

1 

3 

+  1.55 

+  0.10 

+0.08 

+  0.10 

+  0.08 

1.3 

4 

+  0.43 

-0.04 

-0.03 

-0.03 

-0.02 

1 

5 

+  0.36 

+0.05 

+0.07 

+  0.06 

+  0.06 

1.3 

6 

0.00 

-0.14 

-0.11 

-0.13 

-0.11 

1 

7 

-0.10 

-0.09 

-0.05 

-0.07 

-0.05 

1.3 

8 

-1.04 

+  0.30 

+0.36 

+0.32 

+0.37 

0.8 

9 

-1.15 

-0.02 

+0.05 

0.00 

+0.05 

1 

10 

-2.08 

-0.38 

-0.28 

-0.36 

-0.28 

0.7 

11 

-2.09 

-0.27 

-0.18 

-0.25 

-0.17 

1 

12 

^ 

-2.14 

-0.39 

-0.30 

-0.38 

-0.30 

1 

13 

-2.13 

+0.06 

+0.16 

+  0.07 

+  0.16 

1.2 

1 

US 

-0.26 

+  0.33 

+  0.32 

+  0.28 

+  0.31 

1 

2 

-0.24 

+  0.03 

+  0.03 

-0.01 

+  0.02 

1 

3 

-0.20 

+  0.04 

+0.03 

0.00 

+  0.02 

1.3 

4 

+  0.28 

-0.07 

-0.09 

-0.10 

-0.09 

1 

5 

+  0.30 

-0.06 

-0.08 

-0.10 

-0.08 

1.3 

6 

+  0.32 

-0.30 

-0.32 

-0.34 

-0.33 

1 

7 

+  0.32 

-0.13 

-O.lo 

-0.17 

-0.16 

1.3 

8 

+0.11 

+  0.06 

+0.05 

+  0.03 

+0.05 

0.8 

9 

+0.06 

-0.06 

-0.08 

-0.10 

-0.08 

1 

10 

-0.97 

+  0.35 

+0.36 

+  0.34 

+0.38 

0.7 

11 

-1.00 

+  0.22 

+  0.24 

+  0.20 

+0.25 

1 

12 

-1.32 

+  0.12 

+  0.15 

+  0.11 

+0.17 

1 

13 

-1.45 

-0.11  =  0 

-0.08 

-0.12  =  0 

-0.06 

1.2 

Equations  3,  5,  7,  13  have  been  given  extra  weight  be- 
cause two  images  of  the  planet  were  obtained  in  each  of 
these  exposures,  and  the  mean  of  the  measures  of  these 
images  was  used.  Less  weight  was  assigned  to  8  and  10 
because  of  imperfect  images.  On  account  of  the  long  ex- 
posure of  8,  the  weight  ought  probablj-  to  be  much  less  than 
it  is,  or  the  measure  rejected  altogether. 


Normal  Equations 
+ 14.64 J«+  0.00. /8-   3.41. Jf/ 
0.00  J«  + 14.64  JS-   3.95  J/7 
-  3.41  z/«-  3.95  JS+ 36.32 z/r/ 

From  which, 


.1  B 

-o!53  =  0  -o'.37  =  0 

+  0.06  =  0  -0.43  =  0 

+  1.26  =  0  +1.21  =  0 


Jn  =  -0.034  ±0.021 

Jn    =  +0.028  ±0.038 

JS    =  -0.013  ±0.038 

r       =  ±0.122 

77     =      8.766  ±0.021 


-0.029   ±0.021 

+  0.019   ±0.038 

-0.021    ±0.038 

±0.124 

S.771    ±0.021 


From  the  smallness  of  the  absohite  terms  of  the  equations 
of  condition,  it  is  evident  that  the  systematic  error  must 
be  small.  Evidently  the  abnormal  size  of  10,  11  and  12 
explains  the  variation  of  the  parallax  from  the  accepted 
value  S".80. 

I  was  not  able  to  investigate  the  effect  of  the  trail  of  the 
asteroid  because  the  latter  was  too  faint  to  be  used  as  a 
guiding  star  in  the  following  telescope. 


University  of  ifiniusota,  Minneaiiolis. 


OX  THE  FUNDAMENTAL  ELEMENTS  OF  COMPUT.V  FK  >N  IN    lllKIK  KKLATION 
TO  SYSTEMATIC   STELLA K    MO  1' ION, 

Hv   LEWIS    HOSS. 


The  systematic  drift  of  stellar  motions,  whether  it  be 
due  to  reflected  solar  motion,  or  to  otlier  causes,  is  often  of 
the  order  of  the  systematic  errors  of  the  obsei  vations  from 


which  the  motions  are  computed.  The  adopted  preoessional 
motion  may  play  an  important  part.  Attention  to  these 
points  is,  therefore,  of  i)rimary  importance. 


in; 
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Let  us  consider,  for  example,  Sir  David  Gill's  suspected 
rotation  of  bright  relative  to  fainter  stars  (A.N.  3800),  upon 
the  systematic  basis,  15,  of  the  right-ascensions  published 
in  A.J.  o31-2.  Assuming  tliat  liis  zone-observations  are 
based  upon  the  standard  right-ascensions  of  Auweus  we 
have  (for  -40°  to  -52°)  B  -Cape  1900  =  +0'.O68.  If 
Gill  used  the  time  stars  of  the  Berliner  Jahrhuch  as  for 
Cape  90,  and  if  z/S^  for  the  instrument  remained  the  same, 
we  should  have:  15  —Cape  I'JDU  =  +0".06o,  nearly  as 
before. 
I  From   direct    comparison    with    1!   (with    .'U    additional 

standards  in  niamiscript),  I  find  for  this  zone: 
Stars  Ju 

B- Taylor         60         -o'l32 
B-C1S80        72         +0.077 

We  may  therefore  put : 
0  1900  -Tayl.  =  -0*.200;  C  1900-C1880  =  +0'.009 

Then  Gill's  comparisons  would  stand  as  in  the  subjoined 
statement,  the  numbers  in  the  first  three  columns  having 
been  copied  from  Gill's  article,  A.N.  3800. 

Cape  1900  —  Tavlok. 
Stars  C— T.  S.  Corr.         C— T.,  corr^il 

5"8         218         -O.'lSS         +o!'200         +o!oi2 
7.4         472         -0.315         +0.200         -0.115 

Cape  1900  -  Cape  1880. 
Stars  C— C  80  S.  Corr.       C— C  SO,  corr'd 


(;.8 

■7.9 


(581 
813 


+  0.011 
-0.014 


-0.009 
-0.009 


-0.002 
-0.023 


We  have  still  several  elements  of  error  to  consider  be- 
fore we  reach  the  question  of  rotation. 

1.  There  is  the  possible  error  of  comparison,  including 
the  uncertainty  of  the  fundamental  system. 

2.  There  is  the  possible  effect  of  magnitude  equation, 
which  may  amount  to  -0'.003(Ji-3.5)  -0'.0044  (J/-3.5)' 
in  case  we  assume  the  equation  for  C  1900  the  same  as  that 
for  C  1890  (see  A.J.  536).  The  corrected  numbers  for 
C  1900  -  Taylor  would  then  become  :  5".8,  +0«.040 ;  7".4, 
—  0'.039.  No  particular  stress  can  be  laid  upon  this  result ; 
but  it  illustrates  actual  possibilities. 

3.  Small  modifications  may  be  due  to  the  employment  of 
Newcomb's  precessions. 

From  the  proper  motions  computed  by  Auwers  for  the 
yone  +15°  to  +20°,  Professor  Seeliger  obtains  a  test  of 
the  supposed  rotation  {A.N.  3865,  p.  9).  This  test  shows 
the  rotation  to  be  non-existent;  but  it  leaves  an  average 
mean  motion  for  all  stars  of  about  —  OMO.  This  is  reduced 
to  zero,  if  the  proper  motions  are  reduced  to  conformity 


with  Newcomb's  precessions  and  the   right-a.scensions  of 
system,  B. 

I  take  tliis  opportunity  to  refer  to  the  very  able  and  in- 
teresting paper  of  Professor  Kapteyx  {A.N.  3859),  con- 
cerning the  apex  of  solar  motion.  A  problem  of  such  ex- 
treme difficulty  seems  to  demand  in  the  very  first  line  a  thor- 
ough investigation  of  the  errors  to  which  the  various  series 
of  star-positions  are  liable ;  and,  in  the  second  place,  the  em- 
ployment of  all  the  observations  that  can  readily  be  brought 
to  bear.  In  no  other  astronomical  investigation  do  these 
requirements  seem  to  me  more  indispensable.  An  attempt 
to  apply  these  principles  in  the  discussion  of  this  problem 
for  the  brighter  stars  is  in  progress  at  Albany.  The  recent 
publication  of  a  catalogue  of  standard  stars  (.l.i/.  531-2) 
is  a  step  in  this  work.  For  some  time  to  come  our  chief 
anxiety  will  be  to  learn  what  are  actually  the  proper 
motions.  Under  these  circumstances  I  wish  to  defer  ex- 
tended comment  on  Kapteyn's  paper  at  present,  and  will 
merely  refer  to  certain  points. 

1.  Kapteyn's  criticism  (A.N.,  3859,  pp.  328,  352)  upon 
the  systematic  corrections  employed  by  me  in  the  discus- 
sion of  L.  Struve's  Bradley -Pulkowa  values  of  lOO/xj  {A.J. 
501)  is  well  taken.  There  was  an  oversight.  The  num- 
bers, as  I  computed  them,  were  for  the  zones  — 7°.5,  +7°.o 
and  +22°.5,  respectively,  -0".86,  -1".14  and  — 1".22. 
How  the  wrong  numbers  came  to  be  used  is  a  mystery  for 
which  I  find  no  explanation. 

2.  The  determination  of  a  systematic  correction  of  all 
the  proper  motions  through  the  discussion  of  the  solar 
motion  itself  as  Kapteyx  has  attempted  it  {A.N.  156, 
pp.  1-20)  seems  to  me  an  inadmissible  procedure.  This  del- 
icate element  is  thereby  made  to  depend  upon  the  mere 
fortuitous  differences  in  the  actual  apical  positions  for  the 
several  restricted  groups  of  stars. 

3.  Of  existing  determinations  of  the  solar  apex  those 
which  are  based  upon  proper  motions  between  0".l  and  1".0 
seem  to  be  less  open  to  objection  than  the  others.  Those 
based  on  smaller  motions  are  untrustworthy  from  lack  of 
thorough  and  satisfactory  treatment  of  the  systematic  er- 
rors. The  very  large  proper  motions  are  very  possibly 
abnormal. 

4.  The  habit  of  some  computers  of  setting  the  limits 
of  proper  motion  to  be  employed  not  according  to  the  total 
motion,  but  according  to  one  standard  for  fn  and  another 
/i',  is  justly  criticized  by  Kapteyn  ;  but  I  think  he  has  ex- 
aggerated the  effect  in  concrete  instances.  Taking  into 
consideration  the  works  of  Bischof,  Stumpe,  and  Porter 
(second  comiHitation)  I  cannot  think  of  the  declination  of 
tbe  solar  apex  as  much  less  than  +40°. 
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METHOD    OF    FORMIXG    THE    SYSTE:Nr    OF    DECLIXATIOXS    FOR 
CATALOGUE    OF    627    STANDARD    STARS  (.4../.  531-2), 


THE 


The  general  principle  adopted  in  the  formation  of  decli- 
nations for  the  Catalogue  of  627  Standard  Stars  was  the 
same  as  for  the  right-ascensions.  First,  we  endeavor  to 
form  a  system  of  declinations  of  individual  stars  which 
may  be  accepted  as  sufficientlj'  homogeneous  within  each 
zone  wliich  is  to  be  treated  as  a  whole  for  correction.  The 
immediate  end  desired  is  that  the  positions  and  motions  of 
all  the  stars  within  the  zone  shall  require  the  same  cor- 
rections, whatever  these  may  be.  Tlius,  the  zone-corrections 
(«,  Table  IV)  at  various  epochs  given  by  the  several  star- 
catalogues  will  be  systematically  correct  relatively  to  each 
other,  although  these  catalogues  may  be  very  far  from 
having  all  the  stars  in  common.  This  zone  is  now  treated 
as  a  representative  star  for  which  the  most  probable  cor- 
rection of  its  computed  declination  and  motion  is  to  be 
ascertained  from  the  evidence  afforded  bj-  those  star-cata- 
logues which  are  entitled  to  weight  as  independent 
determinations. 

In  this  work  it  was  assumed  that  the  writer's  Declina- 
tions of  500  Stars,  Bj,  with  its  extension  southward  in 
Standard  Stars  south  of  -20°  (.J.J.  448-450),  B,,  offered 
a  suitable  basis  for  correction.  But  in  preparing  Bj  for 
this  use  the  declinations  of  50  stars  were  revised  by  means 
of  recent  observations  reduced  to  systematic  conformity 
with  Bj.  The  list  of  stars  forming  the  basis  of  operations 
then  consisted  of  the  210  stars  best  determined  in  B,  with 
the  179  stars  of  B. . 

Corrections  of  tli«'  Form  J6.. 
It  turned  out  that  the  system,  B^,  does  not  appear  to 
require  any  material  correction  of  the  form  .Ih,  in  order  to 
make  it  consistent  with  observations  published  since  that 
system  was  formed.  It  is  scarcely  necessary  to  exliibit 
the  original  values  of  ./S,  which  were  adojited  throughout 
the  computations.  As  a  substitute  for  these  Table  I  con- 
tains the  values  of  ./8.,  which  were  computed  for  each  cata- 
logue of  observation  through  comparison  with  tlie  adopted 
declinations  uf  the  Catalogue  of  t"i27  Standard  Star.<,  B.     In 


By   lewis    boss. 

general  these  values  of  .78,  are  in  close  conforniity  with 
those  which  were  computed  in  the  preliminary  operations. 
For  one-half  of  the  catalogues  the  maximum  difference  be- 
tween the  preliminary  and  adopted  values  of  Jh.  does  not 
rise  above  0".02  at  any  hour  of  right-ascension. 


1 

ABLE  I. 

AdOI'TKI)    \'ai.ii 

;s   OF 

Jh.. 

sin 

cos 

sin 

cos 

Grw. 

KJ 

+  0.07 

-0.09 

Bonn 

*},i\ 

+  o'.37 

-o'.u 

Kon. 

21 

-0.27 

+  0.05 

Leips. 

67 

+  0.02 

-0.01 

Dpt. 

24 

+  0.15 

-0.02 

Leid. 

67 

-0.02 

-0.02 

Abo. 

29 

+0.25 

-0.12 

Melb. 

68 

+  0.01 

-0.11 

Grw. 

30 

+  0.16 

+  0.08 

Bulk. 

69 

0.00 

+  0.04 

St.H. 

32 

-0.08 

+0.50 

Grw. 

72 

-0.01 

O.tiO 

Cape 

33 

-0.06 

-0.16 

Madr. 

75 

+  0.32 

+  0.17 

Camb. 

34 

+  0.04 

-0.19 

Harv. 

75 

0.00 

0.00 

Cape 

37 

-0.02 

+  0.01 

Bulk. 

76 

+  0.03 

+0.0f> 

Grw. 

38 

-0.05 

-0.17 

Cord. 

76 

-0.07 

0.00 

Eadcl. 

45 

-0.08 

+0.05 

Paris 

76 

+  0.25 

-0.13 

Grw. 

45 

+  0.02 

-0.06 

Cape 

76* 

0.00 

-0.05 

Paris 

45 

-0.03 

-0.07 

Melb. 

77 

-0.06 

-0.07 

Bulk. 

47 

-0.03 

+  0.07 

Washn 

77 

+  0.03 

-0.02 

Stgo. 

51 

+0.20 

-0.21 

Cape 

83 

-0.04 

+  0.12 

Cape 
Grw. 

51 

-0.18 

-0.03 

Bulk. 

84 

-0.02 

+  0.02 

51 

-0.03 

-0.07 

Radcl. 

85 

+  0.12 

+  0.07 

Bulk. 

55 

+  0.02 

+  0.03 

Str. 

86 

-0.01 

+  0.03 

Washn 

.50 

-0.12 

-(t.07 

Cape 

89 

-0.01 

-0.06 

Grw. 

it~ 

+  0.05 

+  0.01 

Berl. 

90 

-0.02 

+  0.06 

Eadcl. 

57 

-0.10 

+  0.08 

Mun. 

92 

-0.01 

+  0.01 

Cape 

59 

+  0.11 

+  0.03 

Grw. 

94 

+  0.03 

0.00 

I'aris 

00 

+  0.14 

—  O.OS 

Mt.  H. 

95 

+0.05 

+  0.05 

Grw. 

64 

-0.02 

+  0.04 

W.-Ott.97 

+  0.23 

+  0.07 

Bruss. 

(>5 

+  0.0S 

-0.05 

Alb. 

98 

-0.04 

-0,06 

Cape 

65 

0.00 

-0.02 

Madr. 

35 

-.07  sina  -.22  c 

osrt  +.00  sin 

2rt  +'l4 

cos2rt 

Melb. 

62 

+  .06 

—  .32 

+  .11 

+  .23 

Grw. 

82 

+  .04 

+  .08 

-.0 

7 

-.02 

Madn 

90 
stars 

+  .11 
north  <«f  - 

-.21 

-•>u'  ,.nh. 

+  .10                 .00 
/..>in>  corrpftions  for  st.ir 

•For 

further 

south. 
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In  dealing  with  the  individual  star-declinations  in  this 
investigation,  the  work  was  performed  as  a  continuation 
of  the  manuscript  computations  for  B,  which  have  been 
preserved.  It  became  simply  necessary  to  add  the  results 
of  later  observations  to  the  '■  star-sheets  "  prepared  for  B, . 
and  then  to  proceed  to  the  revision  by  the  zone-method  as 
already  described  in  connection  with  the  right-ascensions. 
In  the  original  work,  and  consequently  in  this,  some  of  the 
older  series  of  declinations  were  first  corrected  for  terms 
of  the  form,  JS..,  required  in  order  to  correct  for  difference 
from  the  Stkuvf.-Peteks  values  of  nutation,  precession, 
etc.,  adopted  in  the  construction  of  the  several  catalogues. 
For  example,  corrections  on  account  of  nutation,  etc.,  were 
first  applied  to  the  declinations  of  Konigsberg  21  (Dollex's 
reduction,  Jiecueil  de  Mem.,  Obs.  Cent,  de  Russie),  Abo  20, 
and  Cape  33,  before  employing  them  in  the  operations  for 
deduction  of  the  normal  system.     These  corrections  were : 

Kbnigsberg21,     — 0.24sin«  — 0.03cos« 
Abo  29,     +0.24  -0.04 

Cape  33,     -0.01  -0.07 

The  additional  corrections,  Jh^,  apparently  necessary  in 
order  to  reduce  the  respective  catalogues  to  the  system,  B. 
are: 

Konigsberg  21,     —0.03  sin  «  +0.08  cos«  ) 
Abo  29,     +0.01  -0.08  -A 

Cape  33,     -0.05  -0.09         "  ) 

The  combination  of  these  two  sets  of  corrections  makes 
up  the  respective  values  of  J8^  given  in  Table  I.  Similar 
remarks  apply  to  several  other  of  the  earlier  catalogues, 
for  which  the  details  are  given  in  B,. 

In  computing  J?t^  the  observations  were  divided  into 
zones:  +80°  to +40°;  +39°  to -21°;  and -22°  to -70°. 
Usually  the  values  of  JS^  from  the  separate  years,  for  a 
given  catalogue,  were  sufficiently  consistent.  The  following 
notable  differences  were  found,  however : 


St.  Helena  32, 
Cambridge  34, 
Washington  56, 

Melbourne  G8, 
^Madras  75, 


Zone 

-39  to  - 
-22  to  - 


-21 
-70 


+  .06 
-.23 


+  .51 
+  .50 


+  80  to  +40     -.3:: 
+  39  to  -21     +.Vi 


-.21 
-.19 


+  80  to  +40  -.27 
+  39  to -21  -.14 
-22  to  -42     +.17 


-.10 
-.07 
-.02 


+39  to  -21  +.05  -.02 

-22  to  —70  -.02  -.20 

+  80  to  +40  +.56  +.19 

+  39  to  -21  +.32  +.10 

-22  to  -60  +.21  +.33 


It  would  scarcely  be  advisable,  however,  to  take  these 
differences  into  account,  since  they  do  not,  in  general,  much 


exceed  the  limit  of  uncertainty  admissible  according  to  the 
theory  of  probable  error.  It  is  i)roposed,  however,  to  put 
,/8,  =  0  for  declinations  south  of  —20°  in  Yarnall's 
Wasliington  Catalogue  for  1860. 

In  the  instances  where  terms  in  2u  have  been  introduced. 
it  is  for  the  reason  that  terms  of  single  period  give  an  un- 
satisfactory representation  of  tlie  residuals.  With  the 
term  of  double  period  taken  into  account  the  representation 
of  the  observed  residuals  for  Greenwich  82  is  very  good. 
A  like  term  (  — 0".04  sin2«)  is  indicated  for  Greenwich  94, 
but  the  improvement  in  representation  of  the  residuals  is 
not  marked,  and  the  term  is  not  adopted. 

Effect  of  Variation  ok  Latitiue. 
In  founding  the  system  as  to  z/8„  no  special  account  has 
been  taken  of  the  effect  of  variation  of  latitude  upon  the 
observed  declinations.  In  the  time  which  could  be  allotted 
to  the  present  discussion,  it  did  not  seem  practicable  to  in- 
vestigate the  correction  required  on  that  account,  since  to 
accomplish  this  in  a  precise  form  would  have  required  as 
much  labor  as  for  all  the  other  operations  put  together. 
Certain  items  of  testimony  on  this  point  are,  however, 
readily  available.  Some  of  the  older  catalogues,  like  those 
of  Kon.  21,  Dpt.  24,  Abo  29,  and  Cape  33,  were  based  upon 
polar  points  ascertained  from  the  observation  of  close  cir- 
cumpolar  stars,  or  of  zenithal  stars  referred  to  an  arbitrary- 
zero.  These  are  technically  free  from  the  effect  of  varia- 
tion of  latitude.  Dr.  Chandler's  discussion  of  Pond's 
observations  with  two  mural  circles  has  resulted  in  decli- 
nations which  are  freed  from  the  effects  of  latitude-varia^ 
tion  by  a  most  exhaustive  discussion  which  seems  to  leave 
nothing  to  be  desired  (.4../.  XVI,  p.  3).  Dr.  Chandler  has 
also  computed  the  corrections  which  are  required  in  order 
to  free  the  Pulkowa  vertical  circle  observations,  of  mean 
date  1869,  from  this  effect  (A.J.  402).  Dr.  Nyr^n  com- 
puted and  apjDlied  this  effect  for  the  vertical  circle  obser- 
vations of  1885;  but  Dr.  Chandler  points  out  that  the 
annual  term  was  neglected.  Grossman  {Ahh.  Kd?i.  Sachs. 
Ges.  d.  Wiss.,  Vol.  XXVII,  p.  206)  states  that  he  applied  in 
his  reductions  corrections  for  variation  of  latitude  after 
Albrecht's  researches.  To  these  I  have  added  another 
from  the  following  combination,  derived  from  Table  I. 

Corrections  of  B  Having  the  Form  z/8,  . 


Greenwich      64, 

'•  72 

82^ 

Mean 

Washington   77, 

W.Long.  38°  31' 
Melb.  68  and  77,  | 
W.  Long.  215°  I'i 

Mean  corr.  of  B, 


+  0.02  sin«  —0.04  cos  a 
+  0.01  0.00 


-0.04 

-0.08 

0.00 
-0.03 

-0.04 
+  0.02 

-0.02 

+  0.02 

-0.01 
+  0.09 

0.00  sinic  +0.04  cos  a 
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Reversing  the  signs  of  formulas  A,  and  of  JS.,  for 
Pulkowa  84  and  W.-Ott.  97  in  Table  I,  and  adding  Chand- 
ler's corrections  to  Pulkowa  69,  we  have  the  following 
list  of  corrections  to  B  on  account  of  variation  of  latitude. 

Obsekved  Corrections  of  B,  of  the  Form  JS  . 


Konigsbers;; 

21 

+  0.03 

sin«  —0.08  cos« 

Dornat 

24 

-0.15 

+  0.02 

Abo" 

29 

-0.01 

+  0.08 

Greenw'h  (Ch 

)29 

—  0.04 

+  0.07 

Cape 

.3."5 

+  0.05 

+  0.09 

Pulkowa 

(;9 

—  (I.  OS 

0.00 

Combination 

74 

0.00 

+  0.04 

Pulkowa 

84 

(  +  0.02^ 

(-0.02) 

Wien-Ottakring  97 

-0.23 

-0.07 

From  various  considerations  the  first  and  last  values 
appear  to  be  entitled  to  small  weight.  Those  from  Green- 
wich 29  and  Pulkowa  69  are  the  only  ones  which  depend 
on  a  thorough  investigation  that  takes  into  account  the 
annual  term  of  latitude  variation,  —  the  only  term  which 
can  have  introduced  a  serious  uncertainty  in  B  as  to  terms 
in  JS^ .  If  this  annual  term  tends  to  have  a  constant  value 
throughout  the  period  of  observation,  then  it  is  probable 
that  the  proper  motions  of  B  are  virtually  free  from  any 
sensible  inequality  of  the  form  J8^.  This  is  the  particular 
end  desired  bj'  the  writer  in  this  investigation. 

Several  circumstances  conspire  to  eliminate  a  part  of  the 
annual  term  in  the  observed  declinations;  so  that  the  full 
effect  of  that  term  may  not  have  appeared  in  B.  Some  of 
the  older  observations  depend  upon  zenithal,  or  polar, 
points  derived  from  observation  of  stars.  Difference  of 
longitude  of  the  observatories  tends  to  diminish  the  resul- 
tant effect.  In  many  observatories  the  observation  of 
brighter  stars  is  extended  over  long  periods  of  time  ;  and 
when  observations  are  made  at  all  hours  of  the  night,  as  at 
some  of  the  principal  observatories,  the  resultant  effect  of 
the  annual  term  would  be  somewhat  diminished. 

When  all  the  elements  which  conspire  to  produce  errors 
of  the  form,  ./8,. ,  are  considered,  one  can  scarcely  fail  to  be 
surprised  at  the  very  small  discordances  of  this  form  that 
appear  in  the  catalogues  of  large  weight.  For  a  consider- 
able percentage  of  those  catalogues  .JS..  is  comparable  with 
the  probable  error  of  its  determination  through  comparison 
wifli  15. 

Corrections  «>f  tlie  Form,  J6i. 
In  proceeding  to  obtain  a  normal  system  which  may  be 
considered  to  give  the  most  probable  representation  of  the 
testimony  of  observation,  we  must  employ  in  the  lirst  in- 
stance only  those  catalogues  which  are  supposed  to  give 
independent  declinations.  Since  the  astronomical  refrac- 
tion plays  such  an  important  part  in  the  determination  of 
the  zenith-distances  of  stars,  a  series  of  observed  declina- 
tions can  scarcely  be  regarded  as  independent  unless  it  can 


be  shown  that  the  adopted  latitude  and  refraction  constant 
are  consistent  with  the  results  of  extensive  and  sufficient 
observations  of  circumpolar  stars.  The  strict  application 
of  this  criterion  would  reduce  the  series  of  independent 
declinations  to  a  comparatively  small  number.  But  the 
method  of  comparing  catalogues  resulting  from  nearly  con- 
temporaneous observations  in  the  two  hemispheres  appears 
to  offer  a  legitimate  means  for  increasing  the  number  of 
virtually  independent  determinations.  This  method  of 
deducing  conclusions  as  to  the  most  probable  value  of  the 
refraction  constant  for  each  of  the  sets  of  observations 
compared  has  been  recognized  ever  since  the  time  when 
accurate  observations  were  first  made  in  the  Southern 
hemisphere.     If  we  put 

p'„  =  the  mean  adopted  refraction  at  the  pole  for 

the  northern  observatory, 
p',  =  the  same  for  the  southern  observatory, 
p,.  and  p,  =  the  respective  adopted  mean  refractions  for  a 
star  common  to  the  two  catalogues  —  con- 
sidered positive  north  of  the  zenith, 
/.„  and  /:,  =  100  times  the  factors  b\'  which  the  adopted 
refractions  should  be  multiplied  in  order  to 
find  their  corrections, 

then  each  comparison  between  the  observed  declinations  at 
a  northern  and  southern  observatory,  respectively,  furnishes 
an  equation  of  the  form, 


100 


100 


-  k.  =  8,-S, 


This  equation  affords  a  sufficient  approximation  only 
when  the  values  of  k  are  relatively  small ;  and  it  assumes 
that  the  true  polar  point  has  been  already  found  in  the 
reductions  for  the  catalogue.  It  is  also  implied  that  the 
error  of  the  adopted  instrumental  corrections  may  be  neg- 
lected. In  general,  for  the  better  class  of  catalogues,  it 
may  be  assumed  that  the  polar  point  has  been  well  de- 
termined, in  the  sense  that  the  observed  declinations  above 
and  below  the  pole,  in  its  vicinity,  are  the  same;  and  that 
this  has  been  established  by  an  adequate  number  of  obser- 
vations. As  to  the  instrumental  corrections,  it  may  be  said 
that  no  determination  of  them  can  be  regarded  as  free  from 
sensible  error.  Errors  depending  on  sins,  however,  are 
partly  taken  up  in  k,  resulting,  perhaps,  in  a  spurious 
value  of  that  quantity,  but  in  a  value  which  best  represejits 
the  error  of  the  catalogue  for  moderate  zenith-distances. 
Errors  of  the  form,  cos  ;,  are  not  apt  to  be  of  serious  con- 
sequence in  these  comparisons.  For  instance,  in  the  case 
of  Greenwich  this  error  is  zero  at  declination  +13°,  while, 
at  the  Cape,  tlie  length  of  the  arc  between  +22°  and  the 
south  pole  is  independent  of  the  term  in  cos ::.  As  in  all 
other  classes  of  meridian-observation  for  star-declinations, 
the  error  of  graduation  remains  as  a  very  uncertain  ele- 
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meut;  and  for  imnumity  from  the  ill  effects  of  this  uncer- 
tainty we  should  endeavor  to  bring  to  bear  upon  this 
problem  the  results  from  many  different  instruments. 

Therefore,  before  forming  the  first  set  of  zone-equations, 
several  northern  and  southern  catalogues,  not  otherwise 
absolutely  independent,  were  compared  for  the  determina- 
tion of  /..•.  Omitting  the  voluminous  details  the  results  for 
k  are  exhibited  in  Table  II. 

Tablk  II.     Uefractkix  Factoks  fkom  Catalogue 

CoMPAIilSOXS. 

A.- 
Greenwich    30         —0.140         +Iledn.  to  Bessel's  refr. 
St.  Helena     32         — O.liK)         +lledn.  to  Bessel's  refr. 

Cambridge     34         +0.642 
Cape  33         —0.193 

Greenwich     42         +0.0(58 
Cape  37         -0.231 

Greenwich     57         —0.035 
Cape  59         -0.205 

Greenwich     G4         —0.167 
Melbourne     68  (S.) -0.257 

(X.) -0.257         +0.542  p 

Washington  77         —0.125 

Cordoba         76         -0.412 

•Melbourne      77  (S.)  -0.207 

(N.) -0.207  +0.542  p 

Greenwich     82         -0.217)       ,.       . 

/\  rn  o    1  vrlLL  S 


Cape  83 

Greenwich     94 
Cape  89 


-0.218  J" 

-0.108 
-0.014 


comparison.  I 


In  making  the  comparison  of  Greenwich  30  (Pond)  with 
St.  Helena  32,  the  zonal  means  for  Poxd's  declinations 
were  first  revised  to  bring  them  into  substantial  conformity 
with  the  results  derived  from  Chandler's  reduction  of 
Pond's  reciprocal  observations  with  two  mural  circles 
(A.J.  XVI,  3).  There  are  33  stars  in  common  with  B. 
We  have : 

Pond  (Ch.)  —  B. 
8  **  -J8. 


+  65.4 

7 

+  0.06 

+  40.6 

4 

+  0.22 

+  25.6 

8 

+  0.09 

+  11.4 

12 

+  0.20 

The  range  over  which  these  determinations  extend  is  not 
nifficient  for  a  good  determination  of  k  through  comparison 
with  a  southern  catalogue.  Chandler  shows  by  means  of 
Pond's  observations  of  four  circumpolar  stars  culminating 
at  a  low  altitude  that  Bessel's  refractions  employed  in  the 
reductions  produce  consistent  results  (A.J.  XIV,  4). 

It  seems  to  me  that  the  extension  of  Dr.  Chandler's 
reduction  of  Pond's  declinations  to  include  all  of  the 
zenith-distances  observed  bj-  Pond  (1825-1835)  would  be 


a  work  surpassing  in  importance  any  other  of  this  nature 
which  could  be  undertaken.  Washington  77  was  compared 
both  with  Cordoba  76  and  Melbourne  77,  and  the  results 
were  so  adjusted  as  to  produce  what  was  regarded  as  the 
best  practicable  reconciliation  of  the  three  catalogues. 
Some  such  combination  as  this  was  necessary  in  the  case  of 
the  Cordoba  observations,  which  were  not  carried  much  be- 
yond 60°  north  of  the  zenith. 

It  should  be  remembered  that  the  corrections.  A-,  are  ap- 
plicable to  the  refractions  employed  in  the  reductions  of 
the  respective  catalogues ;  so  that  for  the  Melbourne  cata- 
logue for  1870  we  are  to  employ  as  the  corrected  refraction 
on  both  sides  of  the  zenith,  Bessel'.s  x  0.9937 ;  and  for 
Melb.  SO,  Bessel's  X  0.9942.  Likewise  for  Cape  89,  where 
Pulkowa  refractions  were  employed  in  the  reductions,  we 
have  as  the  corrected  refraction,  approximately,  Bessel'.s 
X  0.9972.  The  general  result  indicated  in  Table  II  is  in 
favor  of  refractions  virtually  equivalent  to  those  of  the 
Pulkowa  tables.  In  the  mean,  it  appears  that  the  Green- 
wich observations  are  best  satisfied  by  the  refraction, 
Bessel's  X  0.9987. 

The  instrumental  corrections  required  bj'  the  Greenwich 
and  Cape  transit  circles  have  been  investigated  very  thor- 
oughly. This  is  especially  true  as  to  errors  of  graduation. 
Consequently  the  values  of  k  derived  from  the  mutual  com- 
parisons of  this  series  of  observations  appear  to  deserve 
great  confidence.  So  much  cannot  be  said  for  the  other 
comparisons  embraced  in  Table  II ;  so  that,  for  these,  the 
quantities  k,  in  each  individual  case  ought  not  to  be  attrib- 
uted to  refraction  alone.  However,  we  maj-  still  hope  that, 
in  the  mean,  this  process  has  resulted  in  the  elimination  of 
the  larger  part  of  the  errors  due  to  the  employment  of  im- 
perfect refractions  in  the  reductions;  and  that,  large  as 
they  are,  there  will  also  be  a  tendency  toward  the  elimi- 
nation of  uncorrected  instrumental  errors.  Accordingly 
the  catalogues  of  Table  II,  as  corrected,  together  with 
Kon.  21,  Dpt.  24,  Abo  29,  Bulk.  47,  Paris  (Lalgieb)  53, 
Leiden  67,  Pulk.  69,  Pulk.  84,  and  Strassb.  86,  have  been 
employed  in  deducing  the  fundamental  system.  The  cir- 
cumpolar observations  of  Laugier  do  not  indicate  any 
material  correction  of  the  adopted  refraction  (Caillet's) 
so  that  this  series  can  be  regarded  as  fairly  independent. 
A  similar  conclusion  applies  to  the  declinations  of  Strass- 
burg  86,  where  the  circumpolar  observations  are  quite  well 
satisfied  by  the  adoption  of  Bessel's  refractions. 

Bauschingek's  declinations  (Munich  92),  though  inde- 
pendent, contain  few  stars  outside  the  circumpolar  region, 
and  these  are  not  well  distributed  for  our  purpose  ;  so  that 
no  use  is  made  of  this  series  in  the  operations  for  estab- 
lishing the  system. 

Grossmann's  observations  at  Wien-Ottakring,  1897,  con- 
tain a  large  number  of  observations  of  circumpolar  stars,, 
and  were  given  weight  as  independent  determinations  from 
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zone  +40°  northward.  A  somewhat  careful  analysis  of 
the  declinations  leads  to  the  suspicion  that  anomalies  exist 
in  this  series  of  observations  which  will  receive  attention 
further  on. 

The  method  of  forming  the  zone-equations  from  which 
the  observed  systematic  corrections  of  B,  were  ascertained 
for  each  zone  of  5°  need  not  be  presented  here.  In  place 
of  this  the  process  is  illustrated  in  Table  IV  of  the  present 
paper,  which  is  intended  for  an  independent  test  of  B. 
Here  the  zones  are  15°  instead  of  5°  in  width;  but  the 
method  of  computation  is  the  same.  Following  the  columns 
in  which  the  catalogues  with  their  estimated  mean  dates  of 
observation  are  given,  the  estimated  weight  of  each  in  the 
fundamental  sense  appears  under  the  designation,  p\. 
Then,  under  n,  in  each  zone,  is  given  the  mean  correction 
of  B  indicated  by  each  catalogue  of  observation,  with  the 
weight,  p,  which  represents  the  precision  of  n  when  cor- 
rected for  supposed  systematic  error.  The  unit  of  p  is 
supposed  to  have  a  probable  error  of  ±  0".l.  The  residuals. 
n,  corrected  for  the  effect  of  adopted  /.•  (Table  II)  are 
entered  under  the  caption  n'.  These  represent  the  means 
for  correcting  the  system,  B,  in  order  to  arrive  at  an  abso- 
lute normal  system,  based  i;pon  the  best  testimony  readily 
available  for  that  purpose.  This  is  accomplished  by  means 
of  zone-equations  of  tlie  form, 

.7S„  +  TJt.\  =  n; 

T  having  been  reckoned  in  units  of  a  century  from  1S75. 
The  weights  have  been  taken  from  the  column  headed,  jo'^, 
as  already  explained,  but  they  have  been  modified  in  a  few 
instances  when  ;>  is  very  small,  and  in  all  cases  where  the 
zenith-distance  of  the  stars,  upon  which  the  n  of  a  given 
observatory  is  based,  is  greater  than  65°.  The  weight  be- 
comes zero  when  the  zenith-distance  is  greater  than  75°. 
For  the  corrected  catalogues  enumerated  in  Table  II,  how- 
ever, the  modification  of  weight  for  zenith-distance  was  not 
so  marked  as  for  the  others.  Tlie  results  for  the  solution 
of  the  zone-equations  are  given  under  the  heading,  •'  Funda- 
mental Solution,"  in  Table  V.  It  will  be  seen  that  this 
first  approximation  does  not  indicate  any  material  correc- 
,tion  of  the  adopted  normal  system,  B.  This  fact,  however, 
has  no  special  significance,  or  advantage  over  the  original 
solution,  except  to  show  that  Bj,  as  prepared  for  a  basis  to 
be  corrected,  was  suttieiently  precise  and  homogeneous  for 
the  purpose ;  and  to  demonstrate,  furthermore,  that  in  the 
subsequent  operations  the  system  as  established  by  the 
original  zone-eijuations  has  been  i)reserved  with  fidelity. 
With  comparatively  few  numerical  errors  in  the  siibscciuent 
operations,  and  especially  with  want  of  attention  in  draw- 
ing the  curves  for  ./S,,,  this  might  not  have  been  tlie  case. 

Table  V  exhibits,  after  the  values  of  M,  and  100  J,x\, 
their  respective  probable  errors,  as  computed  from  the 
equations.     Wlictlier  these  are  really  valid  depends  upon 


the  correctness  of  the  relative  weights  employed.  There 
appears  to  be  no  mathematical  method  of  arriving  at  a 
decision  upon  this  point.  If  these  probable  errors  may  be 
regarded  as  fair  approximations  to  the  truth,  then  it  may 
be  said,  in  general,  that  the  probable  systematic  error  of 
the  declinations  for  1000,  in  the  zone,  +25°  to  —15°,  is 
about  ±  0".07,  and  of  100  J^'„ ,  ±  0".19.  Further  north  the 
uncertainty  is  less,  and  further  south  it  is  greater.  After 
the  final  operations  to  be  described,  the  nature  of  the  sys- 
tematic error  in  B,  which  may  be  revealed  in  the  future, 
should  be  such  that  its  variation  from  one  zone  of  5°  to  an 
adjacent  zone  shall  be  very  small.  The  probable  errors 
attached  to  the  results  of  fundamental  solutions  in  Table  V 
are  largelj'  interdependent  from  one  zone  to  another ;  so 
that,  for  instance,  if  a  comparatively  large  correction  should 
be  found  for  zone,  +1°,  then  the  true  corrections  for  +15° 
and  —15°  would  probably  have  the  same  sign  as  at  +1°. 

Secondary  Kevision  of  the  System. 

It  may  be  said  that  tlie  fundamental  equations,  in  a 
general  way,  have  established  the  position  of  the  equator 
among  the  stars.  It  now  remains  to  investigate  the  gradu- 
ation of  the  sky  intermediate  between  this  equator  and  the 
poles  with  the  aid  of  further  evidence  of  observation  avail- 
able for  the  purpose. 

There  are  many  series  of  observed  declinations  which 
cannot  be  regarded  as  offering  independent  determinations, 
for  which,  nevertheless,  the  instrumental  corrections  for 
errors  of  graduation,  flexure,  etc.,  have  been  carefully  in- 
vestigated, but  for  which  an  independent  determination  of 
refraction  is  wanting.  For  some  of  these  series  the  zenith- 
points  were  determined  through  assumed  declinations  of 
the  stars.  If  this  has  been  done,  as  at  Mt.  Hamilton,  by 
means  of  a  restricted  zone  of  stars,  or  even  as  at  Paris 
through  a  less  restricted  choice  that  is  calculated  to  yield 
consistent  zenith-points  throughout  the  year,  then  the 
testimony  of  such  observations  may  be  of  value  in  smooth- 
ing out  sinuosities  of  systematic  error  in  the  observed  cor- 
rections of  B,  and  B,  due  to  resultant  graduation  errors 
affecting  the  comparative!}-  few  catalogues  upon  the  testi- 
mony of  which  the  absolute  normal  system  has  been 
founded.  Accordingly  all  the  catalogues  deemed  suitable 
for  the  purpose  were  compared  with  the  system.  B',  wliich 
has  resulted  from  the  operation  just  described.  It  was 
assumed  that  the  systematic  errors  of  the  catalogues  tould 
usually  be  represented  by  a  correction  of  the  form, 


.}(f  +  <(  sin  ;  +  /'  cos  c  +  A' 


100 


When  ./(][  is  omitted  the  last  term  was  taken  as  k      ^  . 

J(f  is  not  necessarily  the  true  correction  of  the  latitude ; 
it  simply  represents  a  constant  correction  of  the  declina- 
tions.    l>nly  in  the  case  of  Cajie  33  was  an  attempt  made 
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to  determine  h.  With  the  ordinary  arrangement  of  obser- 
vations, as  to  z.d.,  it  is  seldom  possible  to  secure  adequate 
discrimination  between  a  and  k.  It  is,  therefore,  impos- 
sible to  attach  much  importance  to  either  as  standing 
purely  for  that  which  it  is  supposed  to  represent.  The 
advantage  of  the  formulas  in  representing  the  systematic 
corrections,  as  a  whole,  is  not  seriously  impaired.  Table  III 
contains  the  result  of  the  investigation  for  formulated  sys- 
tematic correction  of  each  of  the  catalogues  employed  in 
the  secondary  revision  of  W. 


Tablh  III. 

Fo 

KMULATED    SYSTEMATIC    COKKECTIONS. 

Jc 

a 

k 

Greenwich 

15 

-o"54 

-0.48 

Kouigsbcrg 

Dori)at 

Abo 

21 
24 
29 

+  0.((5 
-0.16 

+  0.476 
+  0.230 

Greenwich 

30 

-6.07 

-0.38 

+  n  '^l  ^  +Corr'n,  Uradle 
-rU.JlCS  to  Bessel's  refr. 

St.  Helena 

(Jape 

Cambridge 

32 
33 

34 

-0.55 
-0.49 
-0.29 

+  6.73 
-0.04 

n  1  "^rt  +Corr'n,  Voing's 

—  y).i.O<J  to  BESSEL'S  refr. 
n  474  +0-58  C08« 

—  U.4(4  +Dlv.Corr. 

+  0.30 

Cape 

37 

+  1.48 

0.094  i<"_ applies  +3"  to 

Greenwich 

38 

-0.04 

-0.261""°' 

Greenwich 

45 

+  0.05 

+  0.031 

Pulkowa 

45 

+  0.32 

Santiago 

51 

+  0.70 

-0.150 

Greenwich 

51 

-0.04 

+  0.016 

Paris 

53 

+  0.13 

-0.56 

0.00 

Washington 

56 

+  0.19 

-0.61 

-0.400 

Cireenwich 

57 

+  0.21 

-0.17 

-0.057 

Cape 
Paris 

59 
60 

-0.05 

-0.75 

-0.125 
-0.567 

Melbourne 

62 

+  0.07 

-0.400 

Greenwich 

64 

-0.084 

Cape 

65 

-0.068 

Leiden 

67 

-0.14 

Melbourne 

68 

Q  346  +Rp<in.  to  South 

Pulkowa 

69 

+  0.10 

-0.162"'" 

Greenwich 

72 

+  0.493  -0".i!0(sln3j'-sin 

Harvard 

75 

-0.202 

Cordoba 

76 

-0.389 

Paris 

76 

-0.21 

-0.46 

—  0.376 

Cape 
Melbourne 

76 

77 

-0.109 

-0.426  +K-''n.t„  South 

Washington 

77 

-0.10 

-0.81 

-0.568 

Greenwich 

82 

-0.06 

-0.246 

Cape 
Pulkowa 

83 

84 

+  0.18 

-0.221 
+  0.055 

Radcliffe 

85 

-0.42 

-0.90 

-0.431 

Strassburg 

86 

+0.005 

Cape 

Madison 

89 
90 

-0.030 
-0.190 

Greenwich 

94 

-6.25 

-0.304 

Mt.  Hamilton  95 

-0.111 

AVien-Ottakr 

97 

-0.37 

-6.81 

-0.250 

Albany 

98 

In  the  majority  of  instances  the  formulas  of  correction 
for  the  several  catalogues  do  not  appear  to  require  special 
comment.     The  application  of  these  corrections  to  the  cor- 


responding values  of  n  (Table  IVj  results  in  the  values  of 
n",  final  corrections  to  H  given  by  each  catalogue  of  obser- 
vation. Inspection  of  the  values  of  n"  for  most  of  the 
better  catalogues  indicates  that  the  formulas,  in  general, 
represent  tlie  discordances  from  B  remarkably  well.  This 
must  be  regarded  as  very  satisfactory  for  at  least  two 
reasons. 

1.  This  could  scarcely  have  been  the  case  with  so  many 
catalogues,  derived  from  observations  in  the  two  hemi- 
spheres, unless  the  final  system,  B,  is  a  very  fair  approxi- 
mation to  a  true  normal  system. 

2.  The  mystery  of  sj'stematic  errors  is  very  largely 
removed  by  this  showing  of  the  sources  from  which  the 
greater  part  of  them  may  have  arisen. 

In  many  instances,  however,  if  we  compute  k  from  the 
normal  equations,  assuming  values  of  a  materially  different 
from  those  contained  in  Table  111,  we  shall  still  find  that 
the  combined  systematic  correction  down  to  p.d.,  100°,  re- 
mains substantially  unchanged.  We  should  not,  therefore, 
attach  too  much  significance,  in  those  cases,  to  the  relative 
distribution  of  the  correction  between  a  and  k.  Some 
remarks  upon  individual  catalogues  may  be  of  service. 

Cape  33.  This  will  receive  attention  later,  in  connection 
with  the  extension  of  the  system  southward. 

Cape  37.  The  sine  term,  a,  seems  to  apply  only  between 
+  3°  and  —72°  of  declination,  and  to  be  due  to  the  peculiar 
treatment  of  observations  by  reflection.  This  catalogue  is 
in  need  of  revision. 

Melb.  68  and  77.  See  previous  remarks  in  regard  to 
these  catalogues. 

Greenwich  72.  The  formula  for  flexure  adopted  in  the 
reductions  for  this  series  was  a  sins  cos^s.  If  we  as- 
sume that  the  formula  should  have  been  a  sins,  and  put 
((  =  _0".60  the  resulting  corrections  to  the  declinations 
should  be, 

-0".60  (sin's'  -  sin^s), 

z'  representing  the  zenith-distance  of  the  pole. 

Wien-Ottakrinrj.  The  formula  for  this  series  was  de- 
rived from  a  very  careful  discussion  in  which  the  decli- 
nations below  pole  were  treated  separately  from  those  above. 
The  value  of  a,  as  distinguished  from  k,  is  entitled  to  a 
fair  degree  of  confidence.  That  the  flexure  adopted  by 
Gkossmanx  in  the  reduction  of  this  series  can  be  in  error 
so  much  as  0".81  seems  scarcely  credible.  Yet,  if  the 
flexure  determined  by  Herz  for  the  same  instrument  (as 
quoted  by  Gkossmann,  p.  52)  had  been  adopted  we  should 
have  had  as  the  correction  of  Grcssmaxx's  present  decli- 
nation, —0".58  (sins'  —sins),  and  the  discordance  from  B 
would  have  been  reduced  to  a  small  quantity,  so  far  as  this 
term  is  concerned.  Somewhere  between  +30°  and  +45° 
there  seems  to  be  a  very  large  alteration  in  the  systematic 
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corrections  required  in  order  to  bring  Grossmakn's  decli- 
nations into  harmony  with  B.  The  adopted  correction  at 
+  50^3  -0".03,  and  at  +25,°  -1".01 ;  at  -45°,  -0".19, 
and  +30°,  —  0".85.  Between  declinations,  +31°  47'  and 
+  44°  52',  Gkossmann  has  only  one  star,  so  that  it  is  im- 
possible to  analyze  the  nature  of  this  coniparativeh-  abrupt 
alteration  in  the  difference,  B  — W.-Ott.  The  combined 
testimonj'  of  all  the  recent  catalogues  is  wholly  against  the 
hypothesis  that  there  exists  a  material  anomaly  in  B  in 
this  vicinity.  If  the  discordance  should  be  attributed  to 
some  defect  in  the  Vienna  observations,  or  in  the  reduction 
of  them,  the  most  natural  source  of  suspicion  would  seem 
to  be  as  to  the  adopted  division  con-ection,  though  the 
hypothesis  of  some  looseness  in  the  fastening  of  the  objec- 
tive, or  ocular,  may  not  be  wholly  excluded. 

With  the  formulated  systematic  corrections  contained  in 
Table  III,  the  zone-equations  were  revised  and  solved  anew. 
The  results  for  each  zone  are  contained  in  the  table  for 
B  — Bj  (A.J.  531,  Tp.  21).  By  way  of  illustration,  and  in 
order,  at  the  same  time,  to  test  the  system,  B,  the  process 
is  here  repeated.  The  necessary  data  are  exhibited  in 
Table  IV.  71"  represents  the  corrections  to  B  which  would 
have  been  found  if  the  declinations  of  the  individual  cata- 
logues had  been  first  corrected  for  the  effect  of  the  formulas 
in  Table  III.  Following  the  values  of  n"  in  each  column 
are  the  weights,  p",  which  were  adopted  in  the  solution  of 
the  zone-equations.  These  are  compounded  of  the  weights, 
p,  which  are  due  to  the  casual  error  of  71,  and  of  a  certain 
maximum  weight,  p'\  (Table  IV),  assigned  to  each  cata- 
logue from  an  estimate  of  the  probable  outstanding  errors 
due  to  the  unavoidable  imperfection  of  the  formulas  of 
correction  (especially  because  thej-  do  not  take  account 
of  errors  of  graduation).  The  general  aim  was  that  the 
unit  of  weight  should  correspond  to  a  probable  error  of 
±0".l.  This  probable  error  turned  out  to  be  ±0".08,  in 
the  mean,  so  that  the  weights,  p"^,  were  too  small  on  the 
whole. 

The  results  of  the  solution  of  these  zone-equations  are 
given  under  the  head  of  '■  Secondary  Solution  "'  in  Table  V.  I 

It  will  be  noted  that  the  formulas  in  Table  III  are 
based,  not  upon  B,  but  upon  B,  and  B,.  The  results  in 
Table  V  indicate,  therefore,  that  nothing  can  be  gained  by 
further  approximations  under  the  principles  adojited.  \Ve 
must  either  await  further  observations,  or  adopt  radical 
improvements  of  method,  before  a  further  gain  in  syste- 
matic accuracy  can  be  anticipated.  Tlie  questions,  what 
authorities  afford  independent  evidence  upon  the  true  sys- 
tem of  star-declinations,  and  what  relative  weights  should 
be  assigned  to  them,  are  matters  of  individual  judgment 
upon  which  the  most  competent  critics  will  differ.  But 
this  difference  of  judgment  must  be  somewhat  radical 
before  any  very  material  modifications  of  the  present  re- 
sults can  be  obtained. 


Table  V.     Results  from  Zoxe-Equations. 

FUN-KAMEXTAI.   SOLVTIOX. 


Zone.      Mean  £p. 


J5*  1875 


+  78 

1865 

-0.017 

fiO 

1865 

-0.030 

45 

1865 

-0.021 

29 

1866 

-0.038 

15 

1865 

-0.029 

+   1 

1867 

-0.025 

-15 

1867 

+  0.011 

-.30 

1872 

+0.054 

p.e. 

±0.014 
.027 
.034 
.037 
.037 
.039 
.046 


Secoxdaky  Solvtiox. 


100  Ju'. 

-o'oi 

-0.04 
-0.06 
-0.05 
-0.19 
-0.19 
+0.02 
+  0.44 


+  78 
60 
45 
29 
15 

+   1 

-15 
30 
45 
60 

-81 


1866 
1864 
1866 
1868 
1868 
1868 
1869 
1877 
1872 
1872 
1873 


+  0.017 

±0.013 

—  0.01 

+0.015 

.014 

+  0.01 

+0.015 

.012 

+0.02 

+0.007 

.010 

+  0.03 

-0.002 

.012 

-0.02 

+0.002 

.010 

-0.05 

-0.003 

.008 

+  0.03 

+  0.005 

.024 

-0.13 

-0.003 

.032 

+  0.14 

-0.023 

.031 

+  0.06 

-0.053 

±0.029 

+0.07 

p.e. 

±o!o6 
.12 
.15 
.18 
.17 
.19 
.23 

±0.46 


±0.056 
.058 
.054 
.045 
.054 
.049 
.040 
.141 
.193 
.189 

±0.190 


Extension  of  System  to  the  Southern  Heini.sphere. 

Owing  to  the  scarcity  of  reliable  determinations  of 
declination  from  observations  of  the  Southern  hemisphere 
during  the  first  half  of  the  nineteenth  century,  the  attempt 
to  secure  systematic  accuracy  in  the  proper-motions  of 
the  far  Southern  stars  is  one  of  very  great  difficulty. 
Previous  to  the  first  observations  made  with  the  Cape 
Transit  circle,  there  were  no  measurements  of  star-declina- 
tion at  observatories  in  the  Southern  hemisphere  which 
appear  to  be  entitled  to  weight  as  absolutely  independent 
determinations.  Henderson's  work  at  the  Cape  is  of  the 
first  quality,  so  far  as  the  skill  and  judgment  of  the  ob- 
server is  concerned,  but  his  observations  cover  only  one 
year,  and  he  was  handicapped  by  the  remarkable  defects  of 
the  Jones  mural  circle.  Nevertheless,  his  observations 
appeared  to  offer  the  only  practicable  hope  for  deriving 
important  independent  evidence  as  to  Southern  declina- 
tions previous  to  1860.  The  best  plan  of  procedure  seemed 
to  be  in  accejiting  the  system  B  as  absolute  for  stars  as  far 
southward  as  —24°,  and  to  employ  these  with  other  means 
in  an  attempt  to  determine  the  instrumental  errors  of  the 
Jones  circle.  The  solution  of  the  zone  observations  was 
carried  out  definitively,  in  the  first  instance,  only  to  —24°. 
Subsequently,  and  after  first  approximate  correction  of 
Cape  33,  the  zone-corrections  at  —30°  and  —34°  were 
.ascertained  with  close  .approximation  to  the  final  result. 
In  connection  with  other  corrections  an  attempt  was  made 
to  determine  the  systematic  errors  of  graduation.  For  this 
purpose  the  mean  correction  for  the  arc.  3'2''.o  to  37°.5,  was 
called  C,;  that  of  57°.5  to  62°.5,  C,;  27°.5  to  32°.3,  C„, 
etc.     Circle  readings  increase  toward  the  north,  and  north 
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Table  IV. 

Materials 

FOE  Zone-Equations, 

—  FOKMATION    OF   KoRHAL   SySTEM. 

Catalogue 

P'.i 

+78° 

+00° 

+45° 

+29°                    1 

P 

n 

n' 

n"     p' 

P 

n 

n'         n"     p" 

S      p        n         n'          n'     p' 

P 

n           n'         n'    p' 

Giw. 

16    - 

2 

+  .20 

" 

-.13  0.7 

4 

+  .5& 

.    .    -.10  0.8 

46°    4  +'!61     ."  .    +".02  0.8 

5  + 

'.81     .'  .     +'.09  0.8 

Koii. 

21    2 

4 

+  .04  +.04 

+  .05  0.8 

4 

-.20 

-.20  -.18  0.8 

47    5  +.09  +.09  +.13  0.8 

1   + 

.02  +.02  +.07  0.5 

Dpt. 

24    3 

G  +.13  +.13  +.07  0.5 

7 

+  .34  +.34  +.18  0.6 

45    9  +.37  +.37  +.13  0.6 

G  + 

.28  +.28  -.04  0.5 

Abo. 

29    3 

4 

+  .04  +.04 

-.02  1.5'  8  +.0S  +.08  -.08  1.5 

46  12  +.12  +.12  -.11  1.5 

8  + 

.32 +.32      .00  1.5 

Grw. 

30    1 

•) 

-.10 

-.17 

-  .09  0.4  1  3 

+  .21 

-.05  -.07  0.5 

45    4  +.60  -.03  +.04  0.5 

4  +1.10  +.28  +.210.5 

St.  H. 

32  0.5 

.        . 

46    .   -1.20  +.25  -.02    . 

1  -1.15  +.18  -.430.2 

Cape 
Cainb 

33  0.5 

o   

2  + 

.19  -.47  +.14  0.4 
.44  -.01  -.010.3 

34  0.5 

1 

+  .01 

—  .07 

-.07  0.3     2 

+  .36 

+  .11  +11   0.3    46     1  +.69  +.36  +..36  0.3 

(Jape 

37  0.5 

41     1  +.50  -.19  +.21    . 

2  + 

.18  -.26  -.010.4 

Grw. 

38     1 

6 

+  .05 

+  .05 

+  .07  1.0     9 

+  .03 

.00  +.11  1.5    45    8  -.04  -.08  +.07  1.5 

6  - 

.06  -.11  +.081.0 

Grw. 

45    1 

() 

-.04 

-.04 

+  .02  1.0  1  8 

-.16 

-.19  -.11  1.5    45    8  +.10  +.00  +.15  1.5 

6  - 

.17  -.22  -.131.0 

Paris 

45    - 

7 

+  .02 

+  .02  1.0     6 

+  .17 

...    +.17  1.0 

44    8  -.11     .    .    -.11  1.5 

7  — 

.02    .    .    -.021.0 

Pulk. 

47    7 

12 

-.04 

-.04 

+  .02  3.0  111 

-.18 

-.18  -.02  3.0 

45  22  -.27  -.27  -.03  3.0 

18  - 

.36  -.36  -.04  3.0 

Stgo. 

51    - 

.        . 

40    .    +.02    .    .     +.70    . 

1  - 

.59    .    .    +.27  0.2 

Grw. 

51    - 

0 

+  .15 

+  .10  1.0  '  4 

+  .18 

.    .     +.13  1.0    45    (!  +.14     .    .     +.09  1.0 

9  + 

.02    .    .    -.04  1.5 

Far.(L)53    1 

2 

-.32 

—  .32 

3 

-..34 

-.34    .    .      . 

40    2  -.18  -.18     .    .      . 

2  + 

.18  +.18    .    .      . 

Wash 

56    - 

3 

-.4ii 

-.10  1.0 

2 

—  .37 

.    .    -.04  1.0 

45    3  -.27    .    .    -.04  1.0 

4  - 

.04    .    .    +.09  1.5 

Grw. 

57    3 

10 

-.14 

-.14 

+  .13  1.5 

7 

-..30 

-.29  -.06  1.5 

45    8  -.18  -.16  +.02  1.5 

13  - 

.19  -.17  -.031.5 

Cape 

59    3 

40    .    -.22  -.81  -.59    . 

5  + 

.17  -.22  -.09  0.8 

Paris 

60    - 

5 

+  .0S 

+  .26  1.5  1  6 

-.09 

.    .    -.06  1.5 

45    S  -.07    .    .    -.15  1.5 

12  + 

.17    .    .    -.011.5 

.  Melb. 
Grw. 

62    - 
64    2 

11  - 

.20  .  .  +.13  0.3 
.10  +.02  -.041.5 

11 

-.01 

+  .02 

+  .01  1.5 

(J 

+  .05 

+  .11  +.08  1.5    44    8  -.09       .00  -.05  1.5 

Cape 
Leid. 

65    - 
67    8 

4  - 

9  + 

.01  .  .  -.15  0.8 
.13  +.13  -.011.5 

3 

-.10 

-.10 

-.13  1.0 

10  +.1,S 

+  .18  +.12  1.5 

45  15  +.16  +.16  +.06  1.5 

Melb. 

68    2 

40    .    -.77  -.22  -.49    . 

4  - 

.13  +.05  -.11  0.6 

Pulk. 

69   10 

19 

.00 

.00 

+  .03  3.0 

15 

—  .05 

-.05  +.05  3.0 

45  30  -.23  -.23  -.08  4.0 

26  - 

.24  -.24  -.03  3.0 

Grw. 

72    - 

12 

+  .10 

-.05  1.0 

9 

+  .40 

.    .     +.07  1.0 

45  10  +.50     .    .     +.09  1.0 

15  + 

.51    .    .    -.011.0 

Harv. 

75    - 

8 

—  .o,s 

-.06  0.6 

6 

+  .06 

.    .    +.13  0.6 

45    9  -.10    .    .        .00  0.6 

9  - 

.23    .    .    -.10  0.6 

Cord. 

76    3 

[ 

5  + 

.87  +.10  +.091.5 

Paris 

76    - 

3 

-.02 

-.12  1.0 

1 

+  .20 

.    .     +.04  0.7    44    5  +.31     .    .     +.08  1.5 

12  + 

.31    .    .    +.031.5 

Cape 

76    - 

141    .    -.42     .    .     -.75    . 

2  + 

.28    .    .    +.06  0.7 

iMelb. 

77     1 

40    .    -1.13  -.41  -1.13    . 

5  + 

.03  +.31  +.16  0.4 

Wash 

(  1        o 

23 

-.04 

-.01 

+  .10  2.0 

11 

-.18 

-.12  -.12  1.5    45  20  -.05  +.03  -.09  2.0 

24  + 

.31  +.41  +.132.0 

Grw. 

82    3 

16 

-.07 

-.04 

-.04  2.0 

12 

-.20 

-.12  -.13  1.5  '  44  12  -.04  +.08  +.05  1.5 

19  - 

.06  +.09  +.05  2.0 

Cape 

83    3 

41    2  +.91  +.21  +.21    . 

9  + 

.45  +.01  +.011.5 

Pulk. 

84    10 

26 

.00 

.00 

+  .01  3.0 

23 

—  .0(; 

-.06  +.01  3.0 

45  41  -.05  -.05  +.06  4.0 

36  - 

.18 -.18 -.03  4.0 

Pvadcl 

85    - 

1 

+  .03 

-.09  0.8 

5 

+  .51 

.    .     +.18  0.8 

44    4  +.48    .    .    -.02  0.8 

8  + 

.74    .    .    +.08  0.8 

Strass 

.86    4 

4 

.00 

.00 

.00  2.0 

11 

+  .06 

+  .06  +.06  3.0 

46  15  +.09  +.09  +.09  3.0 

9  + 

.02  +.02  +.02  3.0 

Cape 

89    3 

41     3  +.19  +.13  +.10    . 

14  - 

.01  -.04  -.07  2.0 

Madn 

90    - 

20 

+  .11 

+  .15  1.0 

11 

+  .14 

.    .     +.23  1.0 

45  19  +.01     .    .    +.13  1.0 

21  - 

.32    .    .    -.17  1.0 

Grw. 

94    3 

23 

+  .10 

+  .12 

+  .10  2.0 

20 

.00 

+  .04  -.01  2.0 

45  26  +.10  +.16  +.07  2.0 

31  + 

.06  +.13  +.02  2.0 

Mt.H 

95    - 

13 

-.05 

-.02  1.0 

40    3  -.07     .    .    +.01  0.8 

3  + 

.25    .    .    +.35  0.8 

W-Ott.97  (2) 

8 

-.05 

-.05 

-.13    . 

12 

-.06 

-.06  -.14    . 

48  15  +.05  +.05  -.27    . 

4  + 

.98     .    .    +.40    . 

Alb. 

98    - 

6 

-.07 

-.07  2.0 

1 

-.31 

.    .     -.31  0.7 

45    6  -.05    .    .    -.05  2.0 

10  + 

.02    .    .    +.02  2.0 

— 4.5<^ 

—60° 

81° 

Catalogue 

8     p         n          n"     p" 

P 

n          ?i"      p' 

P 

n         n"     p' 

St.  H.  32 

45  2  -.50   +.13  0.2 

o 

-".U   +".15  0.2 

1 

_".71    -'!46     . 

Cape    33 

45  3   -.12   -.22  0.4 

3 

+  .25   -.21  0.4 

4 

+  .06   -.01  0.4 

Cape    37 

44  8   +.38   +.06  0.5 

6 

+  .75   +.04  0.5 

5 

+  .19   -.04  0.5 

Stgo.    51 

47  1   -.30   +.01  0.2 

2 

-.23   -.07  0.3 

1 

+  .07   +.08  0.2 

Cape    59 

45  7   +.06   -.03  0.8 

6 

+  .02   -.05  0.8 

8 

-.10   -.13  0.8 

Melb.   62 

43  1   -.19   +.03  0.2 

1 

+  .40   +.50  0.2 

4 

+  .25   +.25  0.3 

Cape    65 

45  4   -.16   -.21  0.8 

<) 

-.06  -.10  0.8 

5 

-.23   -.25  0.8 

Melb.   68 

45  7   +.63   +.39  0.6 

() 

+  .46  +.28  0.6 

10 

+  .15   +.07  0.7 

(Continued  on  opposite  page.) 
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Taple  IV.     Materials  for 

Zone-Equations, 

—  Formation  of  Normal  System. 

+15° 

+1° 

—15° 

—30' 

Catalogue 

p 

n          n'          n'   p' 

P 

n          n'          n'    p' 

P 

n         n'         n'   p' 

8    p 

n            n'          n'   p" 

Grw. 

16  1.0 

10  + 

."72     ."  .    -"11  1.0 

8  + 

.80     .'  .    -!ll  0.8 

9   + 

.98    .'  .        !00  0.8 

25°  1  +l'.13    .'  .    +'12    . 

Kon. 

21  1.0 

2  + 

.11  +.11  +.17  0.7 

1    - 

.09  -.09  -.02  0.5 

1   - 

.14  -.14  -.07  0.51    .      . 

Dpt. 

24  0.(5 

5   + 

.24  +.24  -.19  0.5 

4   + 

.73  +.73  +.12  0.5 

2   + 

.94  +.94  -.16  0.2    .      . 

Abo. 

29  2.0 

8   + 

.44  +.44  +.03  1.5 

9   + 

.57  +.57  +.05  1.5 

5  + 

.70  +.70  -.110.5^    .      . 

Grw. 

30  0.6 

6  +1.50  +.42  +.30  0.5 

5  +1.47  -.02  -.15  0.5 

6  +1 

.08  -.12  -.15  0.5J25    1  +2.64 +.31  +.01    . 

St.H. 

32  0.2 

1   -1 

.22  -.10  -.13  0.2 

'>  

.89  +.11  -.15  0.2 

4   - 

.60  +.12  -.09  0.2' 30    4  + 

.08  +.79  +.20  0.2 

Cape 

33  0.5 

2   + 

.06  -.24  +.02  0.4 

2   + 

.12  -.12  +.04  0.4 

3  - 

.16  -.37  +.01  0.4  31    2  - 

.69  -.86  -.09  0.4, 

Camb. 

34  0.4 

3   + 

.22 -.35  -.35  0.4 

3   + 

.32  -.43  -.43  0.4 

3   +1.13-.03-.03  0.3  25    .  +2.12 +.21 +.21    . 

Cape 

37  0.5 

3   + 

.18  -.17  +.04  0.4 

3   - 

.25  -.54  +.13  0.4 

6  - 

.38 -.62      .00  0.5  3111- 

.09  -.30  -.09  0.5 

Grw. 

38  1.5 

8   - 

.14  -.20  +.04  1.5 

7   _ 

.28  -.36  -.031.0 

7   

.43  -.55  -.03  1.0 

25    1  - 

.61  -.80      .00    . 

Grw. 

451.5 

10  + 

.01  -.05  +.05  1.5 

8   - 

.11  _.19  -.08  1.5 

8   + 

.01  -.11  +.021.5 

25    1  + 

.07  -.12  +.05    . 

Paris 

45  1.5 

12  + 

.03    .    .    +.03  1.5 

13  + 

.15    .    .    +.151.5 

13  + 

.07    .    .    +.07  1.5 

26    2  - 

.39     .    .    -.39    . 

Pulk. 

47  4.0 

21  - 

.31  -.31  +.08  3.0 

10  - 

.40  -.40 +.04  3.0 

3   - 

.50  -.50  -.031.0 

Stgo. 

510.3 

2   _ 

.86     .    .    +.02  0.3 

1   - 

.89    .    .    -.10  0.2 

2   _ 

.98     .    .    -.33  0.3 

29    1  - 

.66     .    .    -.17  0.2 

Grw. 

51  1.5 

12  - 

.15    .    .    -.21  1.5 

11  + 

.11     .    .    +.041.5 

10  + 

.09    .    .    +.02  1.5 

25    1  + 

.07     .    .    -.03    . 

?ar.(L)53  - 

3    + 

.18  +.18    .    .     . 

3   + 

.42  +.42    .    .     . 

1   + 

.27  +.27    .    .     . 

26    .  - 

.50 

Wash. 

56  2.0 

6  + 

.06    .    .    +.10  1.5 

6   + 

.19    .    .    +.18  1.5 

6    + 

.03    .    .    +.05  1.5 

28    3- 

.25     .    .    -.04  0.5 

Grw. 

57  2.0 

21  - 

.27  -.24  -.13  2.0 

19  - 

.03  +.01  +.09  2.0 

17  - 

.12  -.06  +.02  2.0 

25    2  - 

.33  -.23  -.07    . 

Cape 

59  1.0 

11  + 

.28  -.03  +.09  1.0 

10  + 

.31  +.05  +.15  1.0 

10  + 

.21  -.01  +.08  1.0 

30  13  - 

.03 -.21  -.14  1.0 

Paris 

60  2.0 

16  + 

.28     .    .    +.03  2.(» 

15  + 

.21     .    .    -.02  2.0 

15  + 

.05    .    .        .00  1.5 

26    3  - 

.oG     .    .    -.05    . 

Melb. 

62  0.3 

3  - 

.34    .    .    +.23  0.3 

4   - 

.85    .    .    -.29  0.3 

3   - 

.55     .    .    —.08  0.3 

30    3- 

.40     .    .    -.04  0.3 

Grw. 

64  2.0 

19  - 

.04  +.11  +.03  2.0  14  - 

.01  +.18  +.09  1.5 

15  - 

.14  +.16  +.01  1.5 

25    1  - 

.63  -.16  -.39    . 

Cape 

65  1.0 

15  + 

.17     .    .    +.07  1.0  14  + 

.22    .    .    +.131.0 

18  + 

.11     .    .    +.04  1.0 

29    8  - 

.01     .    .    -.07  1.0 

Leid. 

67  1.5 

12  + 

.38  +.38  +.211.5!  8   + 

.11  +.11  -.08  1.0 

4   - 

.02  —.02  —.231.0 

Melb. 

68  0.7 

7   + 

.40  +.42  +.29  0.6 

7   + 

.16  +.10  -.02  0.6 

5   + 

.38  +.26  +.16  0.6130    6  + 

.41  +.24  +.16  0.6 

Pulk. 

69  4.0 

29- 

.35  -.35  -.08  3.0 

17  - 

.34  -.34  +.02  3.0 

8  - 

.48  -.48  -.061.0 

Grw. 

72  1.0 

17  + 

.60    .    .    -.111.0 

14  +1.09     .    .    +.091.0 

13+1.43    .    .    +.07  1.0 

25    i  +2.22     .    .    +.07    . 

Harv. 

75  0.7 

11  - 

.27     .    .    -.10  0.7 

8   - 

.09    .    .    +.13  0.6 

8   - 

.»1     .    .    -.02  0.6 

27    2 

.33     .    .    +.09  0.4 

Cord. 

76  3.0 

19  + 

.60  -.04  -.013.0 

19  + 

.47  -.08  -.05  3.0 

19  + 

.43 -.03  -.013.0 

2913  + 

.27  -.13  -.11  2.0 

Paris 

76  2.0 

16  + 

.25    .    .    -.07  2.0 

16  + 

.22    .    .    -.08  2.0 

15  + 

.16    .    .    -.01  1.5!  26    2  - 

.32     .    .    -.14    . 

Cape 

76  1.0 

5  + 

.16    .    .    -.01  0.8 

7   + 

.09    .    .    -.05  0.8 

8   + 

.03    .    .    -.09  0.8  30  11  + 

.22     .    .    +.121.0 

Melb. 

77  0.4 

11  + 

.43  +.53  +.19  0.4 

10  + 

.27 +.27      .00  0.4 

11  + 

.60 +.52  +.30  0.4  29    6  + 

.72  +.60  +.410.4 

Wash 

77  2.0 

33  + 

.26  +.38  -.02  2.0!  27  + 

.24  +.39 -.10  2.0 

25  + 

.31  +.50      .00  2.0 

29  13  + 

.13  +.39  +.13  1.5 

Grw. 

82  2.0 

27- 

.28  -.09  -.14  2.0 

22  — 

.11  +.14  +.09  2.0 

21  - 

.42  -.14  -.08  2.0 

25    2  - 

.58  +.04  +.05    . 

Cape 

83  2.0 

18  + 

.30  -.04  -.04  2.0 

22  + 

.28      .00      .00  2.0 

29  + 

.25  +.02  +.02  2.0 

2814  + 

.28  +.08  +.08  1.5 

Pulk. 

84  4.0 

41  - 

.25  -.25  -.08  4.0 

or,  

.24  -.24  -.06  3.0 

13  - 

.11  -.11  +.03  1.5 

Kadcl 

85  1.0 

11  + 

.75    .    .    -.02  1.01 10  + 

.74    .    .    -.07  1.0 

10  + 

.51     .    .    -.201.0 

25    i  + 

.50     .    .    +.27    . 

Strass 

8()  4.0 

16  + 

.07  +.07  +.07  3.0 

20  + 

.02  +.02  +.013.0 

29  + 

.02  +.02  +.01  4.0 

26    5  + 

.48  +.48  +.46    . 

Cape 

89  2.0'  26  + 

.03  +.01  -.02  2.0 

27  + 

.04 +.02      .00  2.0 

26  + 

.10  +.09  +.07  2.0 

30  18  - 

.03  -.04  -.06  2.0 

Madn. 

90  1.0  27  - 

.33    .    .    -.15  1.0120  - 

.36    .    .    -.14  1.0 

6   - 

.29    .    .    -.01  1.0 

Grw. 

94  2.0  39  + 

.01  +.11  -.03  2.0 

38  - 

.08  +.05  -.08  2.0 

35- 

.20  -.01  -.06  2.0 

25    3- 

.52  -.21  -.06    . 

Mt.  H 

95  1.0  11  + 

.06    .    .    +.17  1.0 

19  + 

.09    .    .    +.231.0 

11  - 

.20    .    .    -.03  1.0 

30  10  - 

.43     .    .    -.19  1.0 

W-Ott.97  -  \  5   +1.05    .    .    +.33   . 

6  + 

.79     .    .    -.03   . 

6  + 

.53    .    .    -.28   . 

28    1  + 

.42     .    .    -.14    . 

Alb. 

98  3.0 1 19  + 

.10    .    .    +.10  3.0 

10 

.00    .    .        .00  2.0 

14  + 

.07    .    .    +.07  2.0 

29  24- 

.04     .    .    -.04  3.0 

Catalogue 

—45° 

—60° 

—81° 

8      p           11            n'      p' 

p         n           n'     p' 

P 

n           n'      p' 

Cord.    76 

45     7   +    .18   -.14  2.0 

5   +.07   -.18  2.0 

23 

+  .02   -.08  3.0 

Cape    76 

45     9   +  .17   +.09  1.0 

10   -.19   -.25  1.0 

10 

-.25   -.28  1.0 

Melb.   77 

46     I    +   .72   +.43  0.3 

3  +.47   +.25  0.4 

9 

+  .08   -.01  0.4 

Washu.77 

40     1   -   .72   +.03    . 

Cape    83 

46  11    +   .16   -.01  1.5 

9   +.29   +.16  1.5 

10 

+  .07   +.02  2.0 

Cape    89 

44  18   +   .01    -.01  2.0 

15   -.03   -.05  2.0 

13 

.00       .00  2.0  ; 

Mt.  H.  95 

40     1    -1.18   -.78    . 

All).      98 

40     1    -   .37    -.37    . 
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z.d.'s  are  regarded  as  positive, 
declinations  are  assumed  to  be  : 


Then    the  corrections  to 


Jcf  +  a  sin  .-  +  ^  cos ,-  +  /;  ^  +  C„  =  ./S 

To  reconcile  the  constant  difference  between  direct  and 
reflected  z.d.'s  a  constant,  Jx,  is  introduced.  Tlie  northern 
declinations  furnish  16  equations;  D  — R  (see  Mem. 
R.A.S.,  X,  p.  78),  12  equations;  and  declinations  below 
pole  minus  declinations  above  pole  (Mem.  R.A.S.,  X,  p. 
73),  six  equations.  The  weights  are  adopted  in  general 
accordance  with  Hexdeksox's  data  wherein  0".22  is  the 
minimum  p.e.  of  repeated  observations  on  a  given  object, 
and  the  casual  error  is  taken  from  Hendekson's  table 
(p.  59),  but  not  smaller  than  ±0".5C  in  any  case.  Adopted 
p.e.  of  unit  of  weight  is  ±0".30. 

In  the  comparison  of  observations  above  and  below  pole 
(and  in  two  other  instances)  the  grouping  did  not  permit 
of  the  direct  determination  of  a  single  C  independent  of 
its  next  neighbor.  In  such  cases  the  proportional  ratio 
with  which  each  C  was  involved  was  expressed  in  the  equa- 
tion. Each  division  correction  was  represented  in  at  least 
four  of  the  34  equations.  The  normal  equations  were 
formed  with  all  rigor,  and  solved  by  approximations,  —  the 
convergence  being  rapid  and  requiring  only  three  repeti- 
tions for  a  precise  result.  The  values  of  the  unknowns 
resulted  as  follows : 


J(f  =  -0.49 

Jz  =  +0.16 

a  =  +0.73 

/,  =  +0.58 

/.•  =  -0.474 

Ci  =  +0.30 
C„  =  +0.65 
C"=  +0.20 


C,  =  -0.04 
C,  =  -0.58 
C,  =  -0.40 
C.  =  -0.19 
C,  =  -0.25 
0,  =  -0.35 
Co  =  -0.48 
Cii  =  +0.59 
d,  =  +0.52 


The  leap  between  C,,,  and  Cn  is  especially  notable  and  is 
fully  confirmed  by  the  trend  of  the  individual  comparisons 
which  make  up  the  means  wherever  those  graduations  oc- 
cur. The  following  table  exhibits  computed  and  observed 
values  of  the  discordances  upon  which  the  investigation  is 
founded. 

This  comparison  seems  to  leave  nothing  to  be  desired. 
Only  one  discrepancy  is  relatively  large  (the  third  in  "lower 
-upper")  and  this  is  within  admissible  limits  relativelj'  to 
its  weight.  The  remarkable  feature  of  this  investigation 
is  that,  while  the  declinations  north  of  the  Cape  zenith  are 
completely  reconciled  to  those  of  B,  the  discordance,  D  —  R, 
which  gave  Hexdeksox  so  much  trouble  is  accounted  for 
in  a  manner  which  seems  to  be  very  satisfactory.  The 
observations  above  and  below  pole  are  also  satisfactorily 
accordant.  These  facts  seem  to  warrant  confidence  in  the 
determination  of  the  correction  for  errors  of  graduation. 
On  the  other  hand,  a  small  but  decided  discordance  of  the 


latitude  obtained  in  this  discussion  from  that  of  the 
modern  results  for  the  Cape  transit  circle  sul)tracts  some- 
what from  the  complete  satisfaction  which  might  otherwise 
be  felt. 

Results  ov  Dis<lssi(ix  of  Hexdeusox's 

OliSEUVATIOXS,    C  —   O. 

D  — H  (Jz). 


J8,  B- 
8 


-  Cape  33. 


(o)  (C) 

2.2  +45/.)   -l"32  -l"26 

-0.05  -0.08 

+  0.17  +0.14 

+  0.31  +0.48 

+  0.02  +0.63 

-0.47  -0.36 

-0.06  -0.20 

+  0.02  -0.06 

-0.13  +0.01 

-  3.6  -0.19  -0.19 

8.8   -0.42  -0.37 

13.6  +0.15  +0.16 

19.0  +0.36  +0.39 

23.8   +0.79  +0.81 

29.5   +0.38  -1-0.42 


2.2 

5.4 
4.6 
6.4 
6.9 
8.6 
7.9 
5.9 
5.5 
7.5 
12  2 
9.7 
7.0 
5.0 


38.8 
30.2 
26.1 
21.4 
15.0 
lO.S 
5.9 
-   1.2 


P 

0.7 

1.5 

0.7 

6.6 

<>  <> 


(O) 


(C) 


-40.8 
-34.9 
-29.6 
-25.0 
-15.1 


6.5  -33.8   +0.70   +0.61 


+  0.89  +0.92 

+  1.81  +1.29 

+  1.27  +1.19 

+  0.90  +1.07 

+  0.40  +0.21 

2.2  +   5.5  -1.17  -1.35 

1.5   +16.0   +0.06  -0.57 

1.5   +24.6   -0.46  -0.15 

0.7   +32.1    -0.89  -0.30 

1.5  +40.4   -1.08  -0.97 

1.5  +44.5   -1.48  -1.18 

2.2   +50.6   -1.65  -1.63 

JS,  Loner  —  Upper. 
8  (O)  (C) 

3.0   -89^0   +0.08  -o!o3 

3.2   -84.1   +0.49  +0.50 

0.9  -78.3   +0.73  -0.44 

0.4   -74.7   -0.65  -0.75 

1.4  -68.1   -1.38  -0.94 

1.2   -63.9  -0.39  -0.05 


The  latitude  of  the  Jones  mural  circle  given  by  this  discus- 
sion is  —33°  56'  3".25  +  z/qr  —  Jr.  =  —33°  56'  3".90.  For 
the  Cape  transit  circle  we  have  for  the  seconds  of  latitude, 
and  their  values  when  the  refraction-corrections  of  Table 
II  are  taken  into  account: 

Cape  59  (p.  10,  Int.)  3.55     -0.10     3.05 

Cape  83  (p.  xlvii,  Int.)      3.54  .    .     3.54 

Cape  89  (p.  xxiv,  Int.)      3.45     -0.03     3.48 

In  1886-1891  Gill  also  determined  the  latitude  by  the 
Talcott  method.  The  declinations  of  his  northern  stars 
were  determined  with  the  Rulkowa  vertical  circle.  The 
southern  element  of  his  pairs  consisted  of  close  circum- 
polar  stars,  observed  equallj'  at  both  culminations.  Thus, 
errors  in  the  assumed  declinations  of  the  southern  stars 
were  eliminated.  The  seconds  of  this  result  are,  3".65 
(Cape  85,  Int.  p.  xlvii).  Assuuring  that  the  Pulkowa 
declinations  in  question  require  the  systematic  correction 
to  B  which  has  been  found  for  Pulkowa  84,  the  seconds  of 
latitude  reduced  to  B  would  be  3".53.  Accordingly,  we 
may  assume  that  the  mean  latitude  of  the  Cape  transit 
circle  is  3".54,  and  this  is  numerically  smaller  than  the 
latitude  deduced  in  this  discussion  of  Henderson's  ob- 
servations by  0".36.  For  so  short  a  period  as  one  year,  the 
mean  latitude  applicable  to  Hexdersox's  observations,  un- 
corrected for  variation  of  latitude,  may  have  been  sensibly 
different  from  the  true  mean  latitude ;  but  this  difference 
can  scarcely  have  been  greater  than  0".l. 
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This  discordance  in  latitude  may  point  to  a  numerically 
smaller  value  of  k  than  was  reached  in  the  present  dis- 
cussion ;  but  a  more  probable  explanation  is  indicated  in 
connection  with  the  term  b  cos  z.  If  this  term  had  been 
omitted  in  the  equations  we  should  have  had,  approximate- 
ly :  Jcf,  =  -0".08 ;  «  =  +0".78  ;  k  =  -0.50  ;  with  small 
changes  in  the  correction  for  errors  of  graduation.  The 
seconds  of  latitude  would  then  have  been :  3".49,  in  ex- 
cellent agreement  with  the  modern  results  ;  supposing  that 
there  is  no  such  thing  as  secular  variation  of  latitude. 
The  northern  declinations  would  not  have  been  so  accord- 
ant with  B  as  in  the  actual  solution:  but  they  would  not 
have  been  altered  at  any  point  within  70°  of  the  zenith  by 
so  much  as  0".2  ;  and  ordinarily  bj'  less  than  half  that 
amount. 

Adopting  the  result  of  this  discussion  of  Cape  33,  the 
zone  equations,  south  of  —30°,  were  first  solved,  omitting 
St.  Helena  32  and  Cape  37.  Then  the  corrections  for  these 
catalogues  and  for  Melb.  62,  were  formulated  as  in  Table  j 


IIL  The  effect  of  this  process  is  to  assign  some  weight  in 
the  formation  of  the  southern  system  to  these  authorities 
through  tlie  medium  of  their  relations  to  northern  stars, 
and  to  make  the  essential  weight  of  Cape  33  in  the  forma- 
tion of  the  system  to  be  about  one-half  greater  than  that 
which  is  nominally  assigned  to  it  in  Table  IV. 

It  would  seem  to  be  extremely  desirable  that  the  zenith- 
distances  observed  by  McCleae  for  the  Cape  Catalogue  of 
1840  should  be  discussed  anew  on  principles  somewhat 
similar  to  those  which  have  been  adopted  in  the  foregoing 
discussion  of  Cape  33.  This  would  afford  a  much  needed 
check  upon  the  conclusions  derived  from  Hexdersox's  ob- 
servations. However,  we  shall  soon  be  in  a  position  to 
determine  whether  this  treatment  of  Hexuersox's  obser- 
vations has  resulted  in  improvement  of  them.  If  errors 
have  been  introduced  thereb}-,  these  will  be  reflected  in 
some  degree  in  the  values  of  proper-motion,  and  the  effects 
ought  to  become  very  sensible  in  the  predicted  declinations 
of  B  within  five,  or  ten,  years  from  the  present  time. 


OBSERVATIONS  OF   COMET   d   1902    {giacobixi), 

MADE    WITH   THE    26-INCU    KEFKACTOK    OK   THE    LEANDER    MCCORMICK    OUSERVATllI! V,    U.Vl VEItSITV    OF    VIRGINTA, 

By  T.  McN.  SIMPSON',  Jr. 


1903  Chad.  M.T. 

* 

Comp. 

Ja 

Jh 

App.a 

App.  8 

logpA 

Ked.  to  App.  PL   1 

Apr.  21     9"  37"  50' 

27  9  35     5 

28  10  27     6 

29  9  51  49 

1 
2 
2 
3 

10,4 

rfl2,8 

8,8 

8,6 

+  ()"45°66 
+  0  21.08 
+  1  52.27 
+  2     6.34 

+  0  oo'o 
-6     7.9 
-0     0.7 
-6  18.6 

7  20  39.42     +32     5  59.9 
7  29     8.57     +32  44  56.5 
7  30  39.74     +32  51     3.6 
7  32     6.35     +32  56  46.2 

9.688     0.464      +0*99  -6^7 
9.702     0.482  ;   +0.90  -6.5 
9.734     0.589  j   +0.88   -6.5 
9.719     0.525      +0.87   -6.5 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

8 

Authority 

1 

2 
3 

h      111      a 

7  19  52.77 
7  28  46.59 
7  29  59.14 

+  32     5  16.6 
+32  51   10.8 
+  33     3  11.1 

Leiden,  A.G.31 28 
"     3192 
«     3199 

d  refers  to  ilirect  micrometrical  measurement.  April  27  —  Comet 
very  faint  ;  observation  ilifticult.  These  observations  have  l)een 
corrected  for  refraction. 

I  wisli  to  call  attention  to  a  mistake  in  my  observations  of  this 
Charloltesville,   F(i.  


comet  published  in  .1../.,  Nos.  aST-S.  Log  pA  throughout  should  bo 
increased  by  1  in  the  characteristic.  The  same  correction  should  be 
applied  to  Sir.  McCai.i.ik's  observations  publishetl  in  A.J..  Xo.  .%34. 
for  the  reduction  of  which  1  am  resi>onsible. 


OBSERVATIONS  OF  COMET  ct  190:}  ((./.i.  o/,/.v/). 

MADE    wrru    THK    11-IXOH    El^TATORlAI.    AT  THE    SMITH    COI.I.KOE   OHSERVATORV,    NORTHAMrTOX.    MAS 

By  MAKY    E.  BYRI). 


1903  Grcenw.  M.T. 

* 

Comp. 

Ja 

j8 

App.  a 

App.  8 

logpA 

Re«I.  to  App.  PL 

Feb.  20  11  48  49 
22  12     6  38 

Mar.    2  1  1    48  24 

11   48  24 

12  12  10     1 

1 
2 

3 
4 
5 

16,11 

12  ,  10 

8.    8 

8,    - 

10,    7 

-O"' 12^97 
-0  25.67 
+  3  10.04 
+3  12.60 
-1     0.57 

-1  48.5 
—  6  54.5 
-1  46.4 

-6  32.2 

23"43"'44'SG  1+12°    s' 48^7 

23  47  32.72     +12  49  29.4 

0     3  35.29     +15  45  37.4 

0     3  35.44 

0  21  58.47  1+17  14  47.2 

9.639 
9.646 
9.652 
9.652 
9.657 

0.740 
0.748 
0.737 

0.760 

-0.21   +0.9 
-0.19   +0.8 
-0.19   +0.1 
-0.19     .    . 
-0.12  -O.S 
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Mean  Places 

of  Comparison- Sta 

rs  ft 

■)r  the  beginning  of  the 

year. 

* 

a 

s 

Authority 

* 

a 

8 

Authority 

1 

2 
3 

23  43  58.04 

23  47  58.58 

0     0  25.44 

+  12°    5'36°3    Leipzig  I,  A.G.  9451 
+  12  56  23.1     Leipzig  I,  A.G.  9469 
+  15  47  23.7     Berlin  A,  A.G.  9779 

4  o"    d"  23*03 

5  0  22  59.16 

+  15  48  46.9 
+  17  21  20.2 

Berlin  A,  A.G.  9778 
Berlin  A,  A.G.  109 

OBSERVATIONS    OF    SUNSPOTS, 

.M.\I)E    AT   BOSTON    UNIVERSITY    OBSERVATOKY. 

By  C.  Q.  JONES  and  L.  R.  TUCKER,  Students  in  Astronomy-. 


W.M.T. 

1 

Groups    1 

Spts.  in  Gps.  1 

Totals       1 

Def. 

W.M.T. 

Groups 

Spts.  in  Gps. 

Totals 

Def. 

1902-1903        1 

N 

s 

N 

S 

Grps. 

Spts. 

1903 

N 

S 

N 

S 

Grps. 

Spts. 

Oct.      6 

h 

4 

1 

0 

12 

0 

1 

12 

G 

Feb.    13 

h 

1 

1 

0 

2 

0 

1 

2 

P 

6 

22 

2 

0 

15 

0 

2 

15 

G 

19 

1 

0 

1 

0 

4 

1 

4 

P 

7 

"4 

2 

0 

17 

0 

0 

17 

G 

20 

0 

0 

1 

0 

5 

1 

5 

P 

8 

1 

2 

0 

14 

0 

2 

14 

G 

24 

1 

2 

1 

4 

3 

5 

F 

9 

1 

0 

0 

21 

0 

0 

21 

G 

24 

23 

2 

1 

6 

3 

7 

G 

10 

0 

0 

0 

4 

0 

0 

4 

F 

25 

1 

2 

1 

7 

3 

8 

G 

10 

22 

0 

1 

0 

1 

1 

]' 

26 

2 

1 

9 

2 

10 

G 

13 

0 

0 

3 

0 

1 

3 

G 

27 

1 

1 

6 

2 

7 

P 

14 

3 

0 

1 

0 

1 

1 

F 

Mar.     2 

0 

2 

0 

1 

t> 

G 

15 

2 

0 

3 

0 

1 

3 

G 

4 

0 

3 

0 

1 

3 

F 

15 

22 

0 

1 

0 

1 

1 

F 

13 

2 

0 

5 

1 

5 

G 

19 

23 

0 

3 

0 

1 

3 

G 

13 

23 

0 

4 

1 

4 

G 

22 

1 

0 

1 

0 

14 

1 

14 

F 

25 

2 

6 

0 

1 

6 

F 

23 

4 

0 

1 

0 

13 

1 

13 

G 

26 

3 

4 

1 

2 

5 

G 

24 

1 

0 

2 

0 

24 

0 

24 

G 

27 

0 

3 

6 

2 

9 

G 

28 

4 

0 

2 

0 

8 

2 

8 

F 

Apr.      1 

1 

5 

10 

0 

15 

F 

30 

1 

0 

1 

0 

1 

1 

1 

F 

2 

1 

2 

6 

3 

8 

F 

31 

0 

0 

1 

0 

1 

1 

1 

G 

3 

1 

0 

0 

4 

0 

4 

G 

Nov.  14 

3 

0 

1 

8 

1 

3 

9 

G 

6 

1 

0 

0 

0 

0 

P 

15 

0 

2 

1 

6 

1 

3 

7 

V 

8 

22 

0 

0 

5 

5 

G 

19 

22 

0 

30 

0 

1 

30 

G 

9 

2 

0 

0 

6 

6 

G 

20 

2 

0 

25 

0 

1 

25 

G 

9 

22 

0 

0 

5 

5 

G 

20 

23 

0 

26 

0 

1 

25 

P 

12 

23 

0 

0 

3 

3 

P 

21 

2 

0 

18 

0 

1 

18 

F 

20 

5 

0 

0 

1 

1 

22 

1 

0 

17 

0 

1 

17 

G 

00 

0 

0 

0 

1 

1 

P 

Jan.      5 

0 

0 

0 

2 

1 

2 

F 

2.3 

0 

0 

() 

1 

1 

F 

5 

23 

0 

0 

0 

1 

2 

F 

27 

1 

3 

27 

4 

4 

31 

G 

8 

1 

0 

0 

1 

1 

1 

P 

28 

0 

0 

19 

4 

3 

23 

G 

Feb.      5 

2 

0 

0 

1 

1 

1 

G 

29 

1 

2 

28 

2 

3 

30 

E 

6 

1 

0 

0 

1 

1 

1 

F 

29 

23 

0 

68 

9 

3 

77 

G 

8 

23 

0 

0 

6 

1 

6 

G 

iMay     1 

0 

0 

2 

32 

3 

4 

35 

G 

10 
12 

3 

1 

0 

1 

0 

3 
2 

10 
0 

2 

1 

13 
2 

G 
E 

1     22 
Totals, 

0 

0 

7 

0 

2 

7 

P 

54 

50 

442 

209 

104 

651 

For  explanations  see  A.J.  4(30. 

Observations  were  made,  and  no  spots  seen,  as  follows  :     Xovem- 
ber,  8  days  ;  December,  10  days  ;  January,  9  days  ;  February,  1  day  ; 


March,  7  days  ;  May,  4  days.  23  different  groups  we  observed,  con- 
taining 223  different  spots  ;  13  groups,  with  151  spots,  were  in  north 
latitude,  while  10  groups,  with  72  spots,  were  south. 


PROJECTION   OX   JTAES. 

A  dispatch   i-la  Harvard  College  Observatory,  May  27,    I  (Mountain  Standard  Time),  in  position  angle  200°,  lasting 
states  that  a  large  projection  on  Ulars  was  found  by  Sliphek      35  minutes. 
at  Lowell  Observatory,  Flagstaff,  Ariz.,  .May   26<*  8"  35""    | 
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OBSERVATIONS  OF  MINOR  PLANETS, 

HADE    WITH   THE   12-lSCU    EC^UATOKIAI.   AT   THE   V.  8.    SAVAL   OBSERVATORY, 

By  J.  C.  HAMMOND. 
[Communicated  by  Captain  C.  M.  Chester,  U.S.N.,  Superintendent.] 


1003  Wash.  M.T. 

■^ 
^ 

Comp. 

Ja 

Jh 

App.a 

App.  6 

logpA 

Red.  to  App.  PL 

(9)  Metis. 

h         B 

1         8 

III          S 

'      \        tarns 

0 

t 

'       '                              \                                         ■ 

0 

Apr.    5     9  5.5 

5 

1 

27,8 

-0  30.65 

+ 

2  41.7    12  48  45.85 

+  3 

12 

6.4    n9.362  '  0.713    +2.29 

-12.8 

8     9  11 

56 

2 

17,6 

-0  47.55 

— 

10  29.3    12  45  55.39 

+  3 

24 

20.0    n9.444    0.713    +2.30 

-12.8 

9  11  45 

<> 

2 

28  ,  6 

-1  50.31 

_ 

6  13.0    12  44  52.63 

+  3 

28 

36.3      8.261    0.705    +2.30 

-12.8 

10     9  54 

28 

3 

29,6 

-0  37.86 

— 

9  16.9    12  44     0.99 

+  3 

32 

5.1    719.274  I  0.708  ^  +2.30 

-12.8 

17     9  22 

13 

4 

29,6 

-1  33.19 

+ 

1     7.5  I  12  37  48.57 

+  3  53 

53.1    n9.26S  |  0.704    +2.29 

-12.6 

(230)  Athamantis. 

Apr.    8  11  21 

30 

5 

30,6 

-1  38.16 

+ 

6     7.7    13  13     7.63 

-18 

11 

39.3  1  n8.988  1  0.864    +2.64 

-11.4 

8  11  21 

30 

6 

30,  6 

-3  28.89 

+ 

2  31.3  1  13  13     7.60 

-18 

11 

41.2  '  n8.988l  0.864    +2.64 

-11.4 

10  10  39 

4 

7 

30  ,  6 

-1  38.97 

— 

6  53.7    13  11  20.97 

-17 

55 

46.5    719.213  i  0.858    +2.64 

-11.7 

] 7  10  34 

15 

8 

30,6 

+  1  44.32 

+ 

0     9.9    13     5     7.06 

-16 

55 

21.1    n9.019    0.858    +2.64 

-13.0 

18     9  37 

^ 

9 

30  ,  10 

-0     2.77 

" 

3  41.5    13     4  17.03 
(60)   Echo. 

-16 

46 

44.5    n9.317    0.848  1  +2.64 

-13.0 

Apr.  18  10  45 

11 

10 

28  ,  6 

+  1  22.18 

_ 

1  26.6 

14     3     8.37 

-10 

27 

36.3 

7*9.266  i  0.816 

+  2.62 

-  9.1 

21   12  12 

52 

11 

29  ,  6 

+  2  25.08 

_ 

7  13.5 

14     0  14.85 

-10 

7 

18.1 

8.261    0.821 

+  2.59 

-   9.4 

27  10  13 

2 

12 

29  ,  6 

-1  47.52 

_ 

0  13.5 

13  54  44.21 

-  9 

28 

40.1 

7*9.210    0.812 

+  2.61 

-  9.4 

29  11  15 

39 

13 

30,6 

+  2     6.09 

+ 

1  12.6 

13  52  53.36 

-  9 

15 

45.3 

7*8.282    0.815 

+  2.61 

-  9.8 

May    2     9  13 

30 

14 

30  ,  8 

-0     6.69 

+ 

5     0.1 

13  50  35.70 

-  9 

0 

12.7 

7*9.357    0.804    +2.62 

-   9.9 

(83)  Beatrix. 

Apr.  28  11  19 

46 

15 

29  ,  6 

-0  55.58 

+ 

1     5.8    14  16  23.41 

-15 

17 

4.1    »i8.830    0.851  1  +2.75 

-   8.1 

29  12  10 

51 

16 

30  ,  6 

+  1  28.91 

+ 

3  18.4    14  15  20.58 

-15 

14 

50.0      8.684    0.851    +2.75 

-  8.4 

May    2  11  28 

8 

16 

30,6 

-1  29.23 

+ 

9  46.9    14  12  22.46 

-15 

8 

21.5    7i7.9S0    0.851    +2.77 

-    8.4 

6     9  34 

36 

17 

24  ,  5 

+  0  33.94 

+ 

9  35.6    14     8  33.99 

-14 

59 

42.9    n9.297    0.840    +2.78 

-  9.2 

11     9  39 

3 

18 

35  ,  7 

-1  59.47 

" 

3  51.5    14     4     0.31 
(16)  Psyche. 

-14 

49 

12.3  '  719.154,  0.844  i  +2.78 

-   9.2 

Apr.  28  12  53 

48 

19 

29,6 

-0  48.84 

+ 

4     6.3    14  44  33.96 

-11 

32 

58.8 

8.830    0.829 

+  2.68 

-   6.2 

Mav    4  10  44 

39 

20 

30  ,  6 

+  0  47.58 

+ 

3  21.2    14  39  52.77 

-U 

9 

2.6 

719.133    0.824 

+  2.73 

-  6.8 

4  10  44 

57 

21 

30  ,6 

+  1  31.24 

+ 

3  21.5    14  39  52.49 

-11 

9 

2.1 

7*9.131    0.824 

+  2.72 

-    6.8 

7   10  26 

10 

22 

30  ,  6 

+  1  23.08 

_ 

0  19.7    14  37  30.41 

-10 

57 

19.3  i  W9.159    0.822 

+  2.74 

-  6.9 

8  10  26 

52 

22 

30,6 

+0  35.77 

+ 

3  33.1  1  14  36  43.11 

-10 

53 

26.5  !  719.126    0.822 

+  2.75 

-  6.9 

(12)    Victoria. 

]\[ay    7   12  14 

6 

23 

30,6 

+  2  18.42 

— 

1  39.2 

15  12  18.48 

-19 

53 

4.3      7.423  1  0.875    +2.95 

-  4.1 

8  10  55 

43 

24 

30  ,6 

+0  10.53 

— 

5  46.2 

15  11  26.01 

-19 

44 

18.5    719.174    0.868  i  +2.96 

-   4.4 

9     9  38 

57 

24 

30,6 

-0  42.72 

+ 

3     4.2 

15  10  32.77 

-19 

35 

28.2    7*9.457    0.847  1  +2.97 

-  4.5 

11  10  26 

42 

25 

30,6 

-1  42.79 

_ 

5     8.3 

15     8  36.99 

-19 

16 

12.4    7*9.254    0.863    +2.97 

-  4.4 

11   10  51 

16 

26 

30  ,  6 

+  0  45.27 

+ 

0  55.0 

15     8  35.72 

-19 

16 

5.8    n9.114    0.867    +2.98 

-  4.6 

Mean  Plates  of  Comparison- Star. ^  for  the  beginning  of  the  year. 


* 

a 

s 

Authority 

* 

a 

8 

Anlbority 

1 

12 

49 

14.21 

+   3° 

9 

37.5 

Albany,  A.G.  4000 

14 

13  50  39.77 

-  9°   5     2^9  JRadc-liffe  1890.  3610       | 

2 

12 

IC) 

40.C,4 

+   3 

35 

2.1 

"            '•     4586 

15 

14  17  16.24 

-15  IS     1.8    \Vasli.A.Ci.Z.53.1 13.209 

3 

12 

14 

36.55 

+   3 

41 

34.8 

"            "     4575 

16 

14   13  48.92 

-15  18     0.0 1      '•     "   47.119.209.231 

4 

12 

39 

19.47 

+   3 

52 

58.2 

•'     4555 

17 

14     7  57.27 

-15     9     9.3  i      "     A.G.Z.50, 114        | 

5 

13 

14 

43.15 

-18 

17 

35.() 

Wash.  A.  G.Z.  5 1,1 16.204 

l.s 

14     5  57.00 

-14  45  11.6  1      -          "      45.115        I 

6 

13 

IC. 

33.85 

-18 

14 

1.1 

"      41.  lie. 

19 

M   45  20.12 

—  11  36  58.9    Haildiffe  1890,  ;W.S5 

7 

13 

12 

57.30 

-17 

48 

41.1 

"     47.117 

20 

14  39     2.46 

-11    12   17.0    i(.Solij.,-.220+Mun.I.'.(MS2) 

8 

13 

3 

20.10 

-16 

.');> 

18.0 

"     41,116,201 

21 

14  38  18.53 

-11   12   16.8    Man.  I.  10469 

9 

13 

4 

17.16 

-16 

42 

50.0 

'■     44,110 

22 

14  36     4.59 

-10  56  52.7    Yarnall.  6156 

10 

14 

1 

43.57 

-10 

26 

0.0 

i(Mii.I,  OS-IO+Mii.II.  filSl) 

23 

15     9  57.11 

-19  51  21.0    Cincinnati  1885,  2585 

11 

13 

57 

47.18 

-   9 

59 

55.2 

Wien,  A.G.Z.,56.  250 

24 

h'i  11    12.52 

-19  38  27.9            ••             ••      2588 

12 

13 

56 

29.12 

—  9 

28 

17.2 

134, 253 

25 

15  10  16.81 

-19  l(t  59.7             ••              •'      2587 

13 

13 

50 

44.C.0 

-   9 

16 

48.1 

Kadoliffe  1890.  3611 

26 

15     7  47.47 

-19  16  56.2  Radcliffe  1S90,  3927         | 
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NOTES   ON   VARIABLE   STARS,  —  No.  38, 

By  IIEXRY  M.  I'.VKKnUHST. 


LMiS'J  Z  I'ltp/ils.  Ill  the  Suppleuieutaiy  Catalogue,  J.iV., 
No.  514,  No.  2690  should  be  2G89,  the  variable  discovered 
by  l^EKKY,  and  announced  in  A.J.,  No.  428.  Tlie  four  ob- 
served maxima  appear  to  vary  at  least  30  days  from  the 
average  period  of  2r)o  days,  while  both  ob.served  minima 
have  occurred  within  about  CO  days  from  the  average  times 
of  maxima. 

2690  X  Puppis.  The  observations  of  2690  show  5  maxi- 
ma, with  an  average  deviation  of  14  days  from  the  average 
period  of  loo  daj's.  Pekkv's  observations  in  April,  1899, 
^4.t7.  4GS,  nearly  correspond  with  a  sixth  maximum.  The 
observed  minimum  of  1903  is  consistent  with  a  period  of 
only  one-half  of  this. 

Snhtangent  Process.  An  illustration  of  the  subtangent 
method  (A.J.  400  and  456)  occurs  in  obtaining  the  maxi- 
mum for  976,  which  was  lost  in  the  twilight  just  before  it 
was  reached.  The  8  observations  given  below,  by  smooth- 
ing, were  reduced  to  the  three  following  : 


A 

6155.36 

8.35; 

B 

6166.81 

8.09; 

C 

6175.60 

7.92; 

Making  the  first  tangent  from 

AB  11.45  =  -.26;  1  day  =  -".0227 

Making  the  second  tangent  from 

BC    8.79  =  -.17;  1  day  =  -".0193 

The  mean  of  observations  A,  B,  is  6161.08  S".22; 

The  mean  of  observations  B,  C,  is  6171.20  S'-.OO. 

The  maximum  is  assumed  to  occur  at  the  time  C  +  t. 

From  the  first  tangent,  we  obtain  for  the  time  14.52  +  t, 
the  vertex,  8.22  -  (.329  +  .0227  <)• 

From  the  second  tangent,  we  obtain  for  the  time  4.40  +  ?, 
the  vertex  8.00 -(.085 +  .01 93  <). 

The  subtangents  are  included  within  the  parentheses. 
The  subtangent  being  trisected  at  the  vertex,  the  vertex  is 
at  the  distance  of  two-thirds  of  the  subtangent  from  the 
respective  magnitudes.  Multiplj'ing  the  observed  magni- 
tudes by  1^,  and  then  taking  the  differences,  we  have  the 
equation. 

.33  -.244   -.0034*  =  0 

whence  t  =  +25.3;  and  hence  the  maximum  is  at  6201, 
3  days  earlier  than  from  the  elements,  and  8  days  after  my 
last  possible  observation.     From  the  last  subtangent,  mak- 
ing t  =  0,  the  deduced  maximum,  7". 91    is  derived. 
Results  of  Obseevatioxs. 


Observed  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

w 

Mag. 

Factors 

Remarks 

103 

T  Andromedae 

Max. 

6084 

1902-3 

Nov.  30 

65 

E 

d 

114 

S  Ceti 

Max. 

6062 

Nov.     8 

34 

+  10 

2 

_ 

_ 

_ 

From  liglit-curse 

434 

•S  Pisriuni 

Max. 

5947 

July  16 

33 

_ 

E 

_ 

_       _ 

_ 

466 

U  Pise  in  m 

Max. 

6012 

Sept.  19 

48 

_ 

E 

_ 

_       _ 

_ 

715 

S  Arietis 

Min. 

6098 

Dec.    14 

39 

_ 

E 

_ 

_       _ 

_ 

845 

R  Ceti 

Min. 

6151 

Feb.     5 

79 

_ 

E 

_ 

_        _ 

_ 

893 

U  Ceti 

Max. 

6124 

Jan.     9 

28 

0 

4 

7.4 

_       _ 

_ 

[cess 

976 

TAriotis 

Max. 

6201 

Mar.  27 

35 

-   3 

9 

7.91 

_        _ 

_ 

Derived  by  the  subtangent  pro- 

1113 

U  Arietis 

Max. 

6123 

Jan.     8 

9 

-43 

4 

7.7 

_        _ 

_ 

Elements,  -l.J.  403 

1166 

XCeii 

Max. 

6102 

Dee.    18 

12 

_ 

E 

_ 

_       _ 

_ 

Element.s,  A.J.  iZi 

1577 

R  Tauri 

Max. 

6179 

Mar.     5 

46 

-33 

9 

7.34 

0.65  1.34 

19 

1582 

S  Tauri 

Max. 

6174 

Feb.   28 

42 

-52 

9 

9.60 

2.64  1.69 

28 

1717 

V  Tauri 

Max. 

6136 

Jan.   21 

64 

+  30 

3 

9.7 

_       _ 

_ 

1761 

R  Orionis 

Max. 

6171 

Feb.   25 

46 

+  25 

3 

11.2 

_       _ 

_ 

Unsatisfactory 

1805 

V  Orion  is 

Min. 

5382 

Dec.  28 

14 

_ 

E 

_ 

_       _ 

_ 

1900 

" 

" 

Min. 

6180 

Mar.     6 

17 

_ 

E 

_ 

_       _ 

_ 

1903.  Reappeared  shortly  after 

1944 

S  Orionis 

Max. 

6072 

Nov.  18 

29 

_ 

E 

_. 

_       _ 

_ 

Probably  later 

2013 

U  Aurigae 

Max. 

54ns 

Jan.   23 

9 

-  5 

5 

_ 

_       _ 

_ 

1901 

" 

" 

Max.  A 

6210 

Apr.     5 

11 

-17 

7 

7.70 

0.32  0.31 

5 

" 

" 

Max.  B 

6226 

Apr.  21 

11 

-   1 

3 

7.8 

_       _ 

_ 

Subtangent  approximation 

2080« 

Z  Tauri 

Max. 

6138 

Jan.   23 

_ 

_ 

1 

10.5 

_       _ 

_ 

Probably  earlier 

2100 

U  Orionis 

Max. 

G231 

Apr.  26 

17 

-21 

9 

5.69 

0.24  0.19 

4 

2266 

V  Monocerotis 

Max. 

6179 

!Mar.     5 

22 

+  22 

9 

7.58 

1.33  1.11 

9 

Obsns.  unsatisfactory 

2387 

—  Geminorxim 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_       _ 

_ 

Turner's  Nova 

2404 

XGeminorian. 

Min. 

_ 

_ 

_ 

_ 

_ 

10.3 

_ 

_ 

Slight  changes 

2445 

W  Monocerotis 

Min. 

6202 

Mar.  28 

_ 

_ 

7 

10.8 

_       _ 

_ 

An  apparent  minimum 

2475 

XMonocerotis 

Max. 

6191 

Mar.  17 

_ 

_ 

5 

8.4 

_       _ 

_ 

Possibly  earlier 

2689 

Z  Puppis 

Max. 

6107 

Dec.   23 

_ 

_ 

8.2 

_       _ 

_ 

Period  255 

2690 

X  Puppis 

Max. 

5121 

Apr.  11 

_ 

_ 

7 

8.0 

_       _ 

_ 

1900.     Period  155  ? 

(f 

(I 

Min. 

6136 

Jan.   21 

_ 

_ 

8 

8.7 

_       _ 

_ 

(( 

" 

Min. 

6171 

Feb.   25 

14 

-18 

7 

8.34 

-       - 

- 
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Individual  Obsekvationi 

Incladlni;  Observations  by  Arthub  C. 


103    T Androiiiedae 
(Cont.from49('.  Comp.Star9346) 
Julian     Calendar      Mag. 

6092      Dee.     8       10] 
610.3  19      11] 

6115  ;n      12] 

G133      JaiTlS      12] 

114  SCeti. 

I  Continued  from  498.) 

1*12 

6092      Dec.     .S      8.3 
6107  23      8.8 


1113  U  Arletis. 

(Cont  fron)498.  Comp  St.ir8  314) 
Julian     Calendar      Mag. 

1WJ3 

Jan.  1 
18 
30 


6116 
6133 
6145 


.0 


8.5 


1166  A'  Ceti 


Cont.fiom49R  Comp.Stars468 

1903 

Jan.  18  10.1 


6133 


Jan.  18 


9.8 


6133 
6136 
6145 


21 
30 


10.4 
11.0 


1577    It  I'aiiri 

(Continued  from  498.) 


434   S  Piscium. 

jContinued  from  400.) 

6111  Dec.  27  12] 
6115  31       12] 

1303 

(;133      Jan.  18      12] 
466    U  Piscium. 

(Continued  from  498.) 

18911 

4984.6  Nov.  25      11.4p 
6111      Dec!''27      11.8] 

I'.iOS 

(1133      Jan.  18      11.8] 
715  a  Arietis. 

(Continued  from  498.) 

10112 

6115  Dec.  31  11] 
6133   Jan.  18   11] 

845  E  Ceti. 

(Continued  from  4!1S.) 

19IO 

6116  Jan.  1  12] 
6133  IS  12] 
6189   Mar.  l."i   12] 

893  U  Ceti. 

(Cont. from  4!i8.  Comp.StarsSJB; 


6116 
6136 

6145 
6168 
6171 
6174 
6177 
6180 
6189 
6201 
6217 


Jan.     1  to 


3  dates 
Jan.  30 
Feb.   22 


II      11] 


Mar. 


Apr.  12 
1582   STaiiri 


10.3 
8.4 
7.5 
7.1 
7.3 

7.4 
7.(i 

7.8 


1805    V  Orionis. 

(Cont.  fiom468.  Comp.  StarF319i 
Julian     Calendar      Mag. 

i».« 
5376.5  Dec.   22    11] 

1903 

6169  Feb.  23  10.2] 
6205  Mar.  31  10.3 
6217      Apr.  12    10.2 

1944  S  Orionis. 

(Continued  from  403) 

1903 

6169.5  Feb.   23 
6172.5 

Mar 


6175.5 
6176.5 
6177.5 
6180.5 
6186.5 


26 

1 


3 

6 
12 


7.4 

8.2 

8.51j 

7.83j 

8.38, 

9.08^ 

9.58^ 


Pebbt. 

2100  U  Orionis. 

Julian    Calendar 

1903 

Apr.  26 


2475  X  Monocerotis. 


2013  U  Avrigae. 


(Continued  from  468.) 

1900 

5376.5  Dec.   22 


6133 
6136 
6145 
6168 
6171 
6174 
6177 
6189 
6201 


(Continued  from  498 

111113 

Jan.  18 


Feb. 


^lar 


21 
30 
22 
25 
28 
3 
15 


9.9 
9.9 
9.9 
9.6 
9.7 
9.5 
9.5 
10.0 
10.1] 


6116 
6124 
6133 
6145 


Jan.      1 


18 
30 


S.O 
7.4 
8.0 

8.7 


976   T  Arietis. 

(Com  from  4;>S.  Comp. Stars  40Sj 


6116 

6133 
6145 
6168 
6171 
6177 
6189 
6193 


Jan.  1 
18 
3(1 

Feb.   22 


Mar. 


8.9 
8.3 
9.0 

8.(1 
7.8 
S.O 


1717    r  Taiiri. 
(Cont.from  513.  Comp.Stars  513 

1908 

6133      Jan.   18      9.9 
6136  21       9.7 

6145  3(1     10.3 

1761    K  Orionis. 
(Continued  from  438.) 

4984.6  Nov.  25    10.3 

190l> 

5347.5  Nov.  23    10.0 
5376.5  Dec.  22    10.1 


5378.5 
5383.5 

5471.. 

6206 
6208 
6209 
6210 
6215 
6217 
6222 
6223 
6224 
6225 
6226 
6229 


24 
29 

1901 

Mar.  27 

1903 

Apr.     1 
3 


10 
12 
17 

18 
19 
20 
21 
24 


9.5 

8.94, 

8.24, 

10.46, 

7.55„ 
8.393 
7.65„ 
7.76„ 
8.II3 
7.95o 
8.86, 
8.43„ 
6.85.; 
8.13„ 
S.UL 
8.77, 


2080(t  Z  Taiiri. 


1908 

6138      Jan.   23 


6168 
6171 
6226 


Feb. 


Apr.  21 


10.5 
11.0 
11.4 
12] 


5378.0 
5471.5 

61.38 
6168 
6171 
6174 
6177 
6189 
6201 


Mar.  27 

ma 

Jan.  23 
Feb.  22 


6138 
6168 
6171 
24  10.25,017; 

62(»;! 


2100  U  Orionis. 

(Continued  from  438) 

1908 

Jan. 
Feb. 


28 


Mar. 


15 


11.5] 

11.9 

11.2 

11.2 

11.2 

11.4] 

11.4] 

11.41 


(;217 
(;222 
6223 
6224 
6225 
(!226 
6229 


Mar. 

.\pr. 


17 
18 
19 
20 
21 
24 


-Cont. 
Mag. 

5.82. 
5.40: 

28  5.82! 

29  6.48. 

30  6.31, 
May     1       6.84, 

2      6.41, 

2266  V  Monocerotis. 

(Cout.from468.^orop  Star9403,  ^^^^J,™  "  ' 

6169.5  Feb.  23      7.6 
8.0 


6231 
6232 
6233 
6234 
6235 
6236 
6237 


I  Julian 

16189 
6191 
6192 
6193 
6200 
6205 
,6206 
16222 


Calendar 
i>je 

Mar.  15 
17 
18 
19 
26 
31 
1 
17 


Apr 
689  Z  Piippii 


Mag. 

8.84. 
8.1  * 
8.62, 
8.38, 
9.08, 
9.32, 
9.23, 
8.8 


to 


10.4] 
10.1 
10.0 
10.5 
7.4 


5.36, 
7.99. 
7.6  f 
6.48 
5.S9, 
5.70, 


6172.5 

6175.5  Mar. 

6176.5 

6177.5 

6178.5 

6180.5 

6186.5 

6201.5 


r.4 
r.54. 


4975.7  Nov.  16 

IW! 

5832.5  Mar.  23 
5835.5  26 

7.92^!  5853.5  Apr.  13 
7.29',  o867.5  27 

7.49,;  5871.5  May     1 


p. Starr  40)1 
12l' 


.92, 
.951 


Nova  Geminorum 

1903 

Mar.  31 
1 
3 
4 


Apr. 


2387 

6205 
6206 
6208 
6209 
6210 
6215 
6217 
6222 
6223 
6224 
6225 
622C> 
6229 
6230 
6232 
6233 
6235 
6236 
6237 

2404  A'  Geminorum. 

(ConUnued  from  441.) 

6205   JIar.  31  10.3 
tVpr.  1  10.47 


6107 
6114 
6114.6 


Jlay 


10 
12 
17 
18 
19 
20 
21 
24 


28 

30 

1 


-2  6106.7  Dec.  22 

23 

30 

30 

7.4  I         i»ra 

;  54  16121.6  Jan.  6 

7's§°  6130.6     15 

7S0"  6132.6     17 

f^V.j"  6145.6     30 

8  47'  *>160.6  Feb.  14 

g\t.3=  61(;8.6     22 

V07' 6174.6     28 

^'     "  617S.6  Mar.  4 


8.74. 

.>-  6201.6 


Apr. 


10.4P 
10.4P 
10.2P 
10.2P 
9.9p 

8.3p 
8.2 
8.2 
8.4p 


9.1 

9.9 

9.7 
10.2 

9.9p 
10.5p 

9.9] 

9.9 

9.9]p 

9.9 
10.4P 


6206 
6222 
6225 
6226 
6233 


17  10.55. 

20  10.40' 

21  9.10, 
28  10.66„ 


s^oii:  "-"^''•'' 

6.6O;  6222.6 
9  23'  6224.5 

9.39I    2690  A"  Piiy.yji*. 

9  54     (Conl.from4«8.  Comp.Stars40S) 

30-'j  5056.6  Feb. 
«1''^4  5081. 6  Mar. 
9.20,  5102.5 
5)-09,  5105.5 

5123.5  Apr, 

5137.5     27 

5141.5  May  1 

lioi 

Dec.  22 
23 
30 
30 

\m 

Jan. 


1445  W Monocerotis. 


61SS 
6189 
6192 
620(» 
6205 
6206 
6222 


:\Iar. 


Ai.r. 


10.4 


23 
26 
13 


6106.7 
6107 
6114 
6114.6 


8.5p 
8.5p 
8.1  p 
S.3p 
S.Op 
8.3p 
S.7p 

8.2p 
8.0 
8.2 
JJ.Op 


6121 
6130.6 
6132 
6145 


10.02,  61 60 
10.08.  6168 
10.94;  6187 
10.91,',  6201 
10.t;.-.j  6222 
9.9   (;224.. 


6 
15 
17 
30 

Feb.  14 
22 

Mar.  13 

-  i 

Apr.  17 
19 


S.O 

8.9 

8.7 

8.7 

8.2 

8.3 

S.Oo, 

9.I0, 

8.3 

S.7p 
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OBSERVATIONS  OF   THE  COMPANIONS  OF   SIBIUS  AND  PROCYON', 


MAPE    WITH   THE  40- 

Bv  E.  E.  ]5 
Sirius. 

Sirius  is  favorably  placed  for  observation  during  the 
worst  season  for  observation  here,  and  as  this  star  is  a 
strong  atmospheric  test,  it  has  been  impossible  to  get  a 
good  series  of  measures  until  the  latter  part  of  the  past 
winter. 

A  few  scattering  isolated  measures  were  obtained  witli 
difficulty  in  the  endeavor  to  get  a  complete  set  of  two  or 
more  nights  closely  following  each  other.  These  are  per- 
haps of  little  value,  but  it  may  be  well  to  j)rint  them  witli 
the  above  caution. 


1  1899.903  Nov.  25  148.88  4.60     Good 

2  1901.885  Nov.  19  133.13  5.34 

3  1902.153  Feb.  25  125.71  5.85     Believed  to  be  good 

4  1902.917  Dec.     1  121.90  6.06 

5  1903.054  Jan.   20  123.26  6.18     Angle  uncertain 

Nos.  ],  3  and  4  were  made  with  the  star  in  the  center  of 
field,  the  others  by  occulting  the  bright  star  by  the  edge  of 
the  field,  which  makes  it  specially  difficult  to  determine  the 
angle. 

The  following  measures  of  the  companion  were  made 
under  fair  conditions  with  the  star  in  the  center  of  the 
field,  and  are  believed  to  be  very  good. 


INX'H    KEFIt.VCTOR, 

ARNARD. 

Pronyon. 
The  small  companion  of  Pi-ori/on  is  much  more  difficult 
than  that  of  Sirius,  though  it  is  easier  now  to  observe,  since 
its  distance  has  increased.  The  same  remarks  apply  to 
this  star  that  are  referred  to  Sirius.  It  requires  a  very 
good  night  to  see  and  measure  it. 

The  following  two  measures  were  made  with  difficulty. 

1901.882  Nov.  18     340^53     4'93     Single  dist.  very  difl'lt 
.885  19     346.46     5.20     Good 

1901.883  343.49     5.06 

One  of  these  angles  is  bad. 

The  following  measures  are  good,  and  were  made  with 
the  star  in  the  center  of  the  field. 


1903.147 

Feb. 

23 

350.47 

5.17 

.150 

24 

351.11 

5.23 

.166 

Mar. 

f) 

351.50 

5.07 

1903.154  351.03         5.16 

My  previous  measures,  which  were  printed  in  A.J.  435, 
462,  482,  are 


1898.213 

326.0 

4.83 

1899.073 

330.6 

4.91 

1900.055 

336.0 

5.09 

1903.147 
.150 
.166 


Feb.  23 

24 

Mar.    2 


119.74  6.28 
118.53  6.05 
118.95         5.93 


1903.154 


119.07 


6.09 


The  increasing  distance  of  the  companion  now  makes  it 
an  easy  object  with  the  great  telescope  if   the   seeing  is 


It  will  be  seen  that  the  direct  angular  motion  is  about  5° 
a  year.  The  distance  seems  not  to  have  materially  in- 
creased in  the  past  two  or  three  years. 

Here  are  two  measures  of  the  old  distant  companion. 

1901.882     Nov.  18     345°43     60."76 
1902.153     Feb.  25     346.29     61.17 

In  all  the  measures  a  magnifying  power  of  700  diameters 
has  been  used. 

Ynrkes  OhserKalorij,  ]\'ilUams  Hay,  Wis.,  1903  Ai>rU  15. 


Greenw. 

Midnight 

a 

S 

logr 

los;  A 

1303 

h      m   s 

0    r           ff 

July  1 

4  57  52 

+  18  40  23 

0.223590 

0.406606 

5 

5  9  37 

+  18  41  47 

0.225444 

0.405785 

9 

5  21  17 

+  18  39  58 

0.227522 

0.404999 

13 

5  32  50 

+  18  34  59 

0.229814 

0.404236 

17 

5  44  15 

+  18  26  56 

0.232313 

0.403489 

EPHEINIEKIS   OF   FAYE'S   COMET, 

Bt  f.  e.  seagkave. 

This  ephemeris  is  based  upon  elements  by  Steomgren, 
published  in  a  recent  number  of  the  Asfr.  Xachrichten. 
The  comet  will  be  in  perihelion  on  June  3,  but  will  be  very 
unfavorably  situated  for  observations,  as  it  will  rise  only 
about  fifty  minutes  before  the  sun.  It  should  be  seen 
towards  the  middle  of  July. 


CONTEXTS. 
Method  of  Forming  the  System  of  Declinatioxs  for  the  Catalooue  of  627  Stakdakd  Stars  (A.J.  531-2),  bt  Lewis  Boss. 
Observations  of  Comet  d  1902  (Giacobini),  by  T.  McN.  Simpson^  Jr. 
Observations  of  Comet  a  1903  (Giacobini)  by  Mary  E.  Byrd. 
Observations  of  Sunspots,  by  C.  Q.  Jones  and  L.  R.  Tcckeb. 
Projection  on  Mars.  ' 

Observations  of  Minor  Planets,  bt  J.  C.  Hammond. 
Notes  on  Variable  Stars, — No.  38,  by  Henrt  M.  Parkhurst. 
Observations  of  the  Companions  of  Sirius  and  Procton,  bt  E.  E.  Barnard. 
Ephemeris  of  Fate's  Comet,  by  F.  E.  Seagrave. 


MBRiDGB  (Boston  Postal  District),  Mass.,  sem 
loss.  Price,  $s.oo  the  Volume 

I  February  2,  1903,  at  Boston,  Matt.,  as  set:ond.cla^  ma 


[-MOWTULY,    BY  S.    C.    ChANDLER. 

Press  of  Thos.  P. 

2er,  under  Act  of  Congrets  of  March  S,  187i 


a^ied  Ju 


THE 


ASTRONOMICAL    JOURNAL. 

FOUNDED     BY     B.     A.     OOUI-D. 

Nos.  542-543. 


VOL.  XXIII. 


BOSTON.    1903    JULY    21. 


NOS.  14>15 


AN  EXAMPLE  IN  PERIODIC  ORBITS,  THE  SECOND-ORDER  PERTURBATIONS 

OF  JUPITER  AND  SATUEX  INDEPENDENT  OF  THE  ECCENTRICITIES 

AND  OF  THE  MUTUAL  INCLINATION, 

By  JAMES    PARK  McCALLIE. 


Introductory. 

A  periodic  solution  is  a  particular  integral  in  the  prob- 
lem of  three  bodies.  It  is  possible  only  under  certain 
restricting  conditions  which  do  not  exist  in  nature.  Yet 
such  solutions  are  of  great  beauty  and  interest,  and  often 
possess  real  value  in  assisting  us  to  obtain  a  more  general 
solution  of  the  differential  equations  of  motion  ;  as,  for 
example,  the  periodic  orbit  used  as  an  intermediary  by 
Dr.  G.  W.  Hill  in  his  "  Researches  in  the  Lunar  Theory."^ 

Analytically  a  solution  is  said  to  be  periodic  when 
the  coordinates,  referred  to  axes  rotating  with  a  uniform 
angular  velocity,  may  be  expressed  in  series  periodic  with 
respect  to  the  time,  while  geometrically  a  periodic  orbit  is 
one  in  which  a  body,  referred  to  the  same  rotating  axes, 
returns  periodically  to  the  same  position  with  reference  to 
the  other  two  bodies. 

Lagrange  in  a  very  elegant  manner  discovered  the  first 
periodic  solutions  in  the  problem  of  three  bodies,  which 
however  are  without  much  practical  value,  since  to  obtain 
them  he  assumed  the  mutual  distances  as  always  being  in 
a  constant  ratio  to  each  other.  These  are  the  straight  line 
and  equilateral  triangle  solutions. 

The  next  periodic  solutions  were  obtained  bj-  G.  W.  Kill.' 
By  neglecting  the  lunar  inclination  and  tlie  solar  parallax 
and  eccentricity  he  finds  a  particular  integral  of  the  equa- 
tions for  the  moon's  motion  about  the  earth  under  tlie 
influence  of  the  disturbing  force  of  the  sun.  Tlie  curve 
corresponding  to  tliis  particular  integral  is  closed  when 
referred  to  rotating  axes,  and  is  what  is  known  as  the 
variational  orbit  of  the  moon.  This  is  used  by  Dr.  Hill 
as  an  intermediary  instead  of  the  ellijise  or  modified  ellij>so 
of  other  lunar  theorists. 

PoixcAui':  has  shown  that  there  are  an  inlinito  iiumhcr 
of  such  solutions  that  are  realh-  distinct.  Since  Poincar^j's 
wholly  analytical  treatment,  the  subject  of  periodic  orbits 

'  The  American  Journal  nf  ifatliematics,  Vol.  1. 


has  attracted  many  astronomers  and  mathematicians,  and  a 
number  of  memoirs,  both  analytical  and  numerical,  have 
been  produced.  The  whole  field  of  periodic  orbits  is  recog- 
nized as  a  fertile  one,  though  by  no  means  easy  of  entrance. 

Of  the  memoirs  on  the  subject  may  be  mentioned  one  by 
C.  V.  L.  Charlier,'  in  which  he  obtains  analytically  some 
of  the  results  found  by  Darwin  in  his  extensive  numerical 
work  on  periodic  orbits."  In  the  majority  of  memoirs  one 
mass  is  assumed  infinitesimal,  but  periodic  orbits  exist, 
whether  the  mass  be  infinitesimal  or  not.  It  is  in  the  case 
where  none  of  the  masses  are  infinitesimal  that  I  have 
selected  the  following  numerical  example  in  periodic 
orbits.  The  case  is  purely  an  ideal  one.  but  it  was  in  the 
hope  that  the  results  might  be  of  some  interest  to  astrono- 
mers that  the  work  was  undertaken. 

The  suggestion  of  the  problem  is  due  to  Dr.  G.  W.  Hill, 
and  I  desire  to  express  my  great  indebtedness  to  him.  and 
also  my  appreciation  to  Prof.  Ormoxd  Stone  for  his  en- 
couragement and  helpful  suggestions,  and  to  Mr.  T.  McN. 
Simpson,  Jr.,  for  checking  some  of  the  numerical  work. 

Example.  If  two  masses,  small  relatively  to  a  third 
mass,  revolve  around  the  latter  in  coplanar  orbits,  having 
no  proper  eccentricities,  they  will  have  symmetrical  con- 
junctions and  oppositions,  i.e.,  their  conjunctions  and  oppo- 
sitions will  be  symmetrically  jdaced  with  regard  to  their 
mutually  perturbed  orbits,  which  will  cut  the  line  of 
syzygies  perpendicularly.  Let  us  take  the  time  of  suc^i  a 
symmetrical  conjunction  as  the  origin  of  time,  and  the 
longitude  of  this  conjunction  as  the  origin  of  longitudes. 
The  differential  equations  of  the  two  bodies  will  then  have 
particular  integrals,  or  periodic  solutions,  as  is  shown  by 
II ill  and  Poincar^.  Assume  the  masses  of  the  two 
planets  to  be,  for  the  inner,  the  mass  of  Jupiter,  and  for 
the  outer,  the  mass  of  Saturn,  with  periods  also  respec- 


^  MtiUlelanilen.frnn  LunJs  Aatronominka  Obstrralorimi 
^Actii  Mathimatica,  Vol.  21. 
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tively  equal  to  those  of  Jupiter  and  Saturn,  while  the  mass 
of  the  largest  body  is  tlie  mass  of  the  suu.  The  problem 
in  hand  is  to  tind  the  expressions  for  the  coordinates  of  the 
two  small  bodies  as  far  as  the  terms  proportional  to  tlie 
squares  and  products  of  the  masses.  These  terms  have 
been  found  before,  as  for  instance  in  Hill's  "  Xeiv  Theori/ 
of  Jupiter  and  Saturn,"  but  they  are  there  mixed  up  witli 
terms  involving  the  eccentricities,  etc.,  and  it  is  the  present 
purpose  to  determine  them  entirely  separate  from  such  in- 
fluences, and  in  the  light  of  a  periodic  solution.  It  may 
bs-of  some  interest  to  know  just  how  large  these  terms  of 
the  second  order  are. 

Coordinates.  I  shall  refer  to  the  three  bodies  in  ques- 
tion as  the  Sun,  Jupiter,  and  Saturn.  That  the  latter  two 
may  have  the  same  expression  for  their  perturbative 
functions  it  is  necessary  only  to  use  symmetrical  differ- 
ential-equations as  explained  in  Tisserand,  Vol.  I,  Chap.  IV. 
Jupiter  is  referred  to  the  center  of  the  Suu  as  origin,  while 
Saturn  is  referred  to  the  center  of  mass  of  Jupiter  and  the 
Sun.  Allowing  the  subscripts  0,  1,  2  to  refer  to  the  Sun, 
Jupiter,  and  Saturn  respectively,  and  denoting  the  masses 
severally  by  nii  (I  =  0, 1,  2),  we  have  for  the  heliocentric 
coordinates  of  Jupiter  and  Satxtrn 

^1    =    2-1  ,  ^„    =   J-„  +  Ki  a\ 

iji  =  Z/i         .  !■:  =  111  +  «!  yi 

where 

K.     ^    ,  /^,     =     '"o   +   '"l      I      •    ■    •    "1"    '", 

If  Tj,  !',  (i  =  1,2)  represent  the  radii  vectores  and  true 
longitudes  of  Jupiter  and  Saturn  respectively,  then 

X,  =  r,  cos  !',  ,  !/i  =  i\  sin  i\  ;    x.,  =  r.,  cos  ;•„  ,   ij„  =  v„  sin  r„ 

Perturbative  Function. 
The  potential  of  the  system  is 

^0,1  -^0.2  ^1,2 

mm.      m.m„  ^ 

T,  r, 

where 

r  1  in       >n.m„ 

m^vul'  =  '"„'"J -I-  — ^ 

L-'o.s        '2J        -^1.2 

[<    o       o    o    r.  ,  ,  >  ',      11    ni,m„ 

\  ro--|-Ki-ri-+2Kirir„  cos  (v,  -v,)  |-!-  -   +-^' 


If  we  put 

Ml 

—  r„  =  r„    ,    r,  =  r,      ,      v„  —  v,  = 

w„  -         -  1      '        .        1 

F  has  the  approximate  expression 


—  =  m 
Mo 


=  ^0  +  ^. 


':icos^-f-i-'f^y!l+3cos2e 
r„  m,\rj  ( 


in  which  Fi  is  the  part  having  as  a  factor  the  small  mass 
TOj.  Since  the  planets  have  no  proper  eccentricities,  and 
lie  in  the  same  plane,  the  perturbations  will  depend  on  the 
single  argument  v^—t\,  or  the  elongation.  Hence  it  is 
sufficient  to  put  in  the  function  /■'',  as  a,  first  approximation, 

rj  =  ai  ,    r„  =  a.i    ,    v„  =  l„=n^t,  i-,  =  /,  =  ?(,<    ,    6j,  =  (?ij— n,)< 

Tlien  F  may  be  written  separately  in  its  two  parts. 


/;  =  m  U  V--1'  cos  1 0^  —  ~\  cos  e^+  i  A" 

—00 


(1) 


where 


I:'- 


=  —  [1— 2.£  cos  e„ +«■-]-' 


In   F^  the  value  of  J'  for    I  =  0    has  been   taken  from 
under  the  sign  2^,  and  so  hereafter. 

Differential  Equations  of  Motion. 
1.     For  Jupiter.     The  equations  for  Ji/^i^er  in  rectangu- 


lar coordinates  are 
d'x^ 


Mo'^i 


These  equations  expressed  in  the  polar  coordinates  r^ ,  y, 
after  the  manner  of  DePontecoulant's  equations  in  the 
"  Lunar  Theory,'' '  are 


dt-       '       »-,       a. 


—  -f  2fd'F  +  2mg 


]\ 


d>^ 
dt 


^{"•--■S^.-'] 


<2) 


In  these  equations  the  new  expressions  introduced  have 
the  following  signiticance : 


d'F  = 


dF  dr^      dF  di\ 
dr^~di  '^  3v^~di 


dt 


m,  =  m  ?«„ 


— I-  mii.=  constant  of  integration  attached  to  fd'F 

2moai  ■  -^ 

Aj  =  constant  of  integration. 

2.     For   Saturn.     The  equations  for  Satuni   formed  in 
the  same  way  are  (3) 

i  f^  (,.„"-) _^V  '^^  =  >^:^r„  ^  +  2/rf"i=-+2m  J  ) 
^  dt-  ^  -  ■         r„    ^    «„  »'o    [^-c>r„         J  J  ^ 

m^  rriF 


dr„  1   , 


dt 


where  the  corresponding  terms   have  an   exactly  similar 
meaning  to  those  employed  in  Jupiter  s  equations. 

3.     Equations   Connecting   Constants.     The  above  equa- 
tions for  Jupiter,  or  Saturn,  are  of  the  second  and  first 


1  See  Brown's  Lunar  Tlteory,  pp.  16,  17 
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order  respectively,  and  are  sufficient  to  determine  three 
arbitrary  constants,  besides  h^  and  a,  (i  =  1  or  2).  But 
since  the  orbits  have  no  inclinations  or  nodes  there  are  only 
four  constants,  e,,  tt,-,  n,-,  Cj  (i  =  1  or  2),  to  be  determined 
for  each  body,  and  therefore  we  must  have  anotlier  equation 
connecting  the  constants.  Three  of  the  constants  are  im- 
mediately determined  by  the  special  conditions  of  the  prob- 
lem. For  since  the  orbits  of  the  planets  have  no  eccen- 
tricity other  than  that  caused  by  their  mutual  perturbations, 
and  hence  their  perihelia  are  indeterminate,  we  have 

e,  sinTT,  =  0 

e^  cosTTj  =  0 
By  reason  of  the  way  in  which  we  have  chosen  our 
origins  of  longitudes  and  of  time,  tj  and  e.,  are  zero.  Hence 
the  only  two  independent  constants  are  w,  and  «„.  The 
equations  above  referred  to  are,  for  Jupiter  and  Saturn, 
respectivelj-,' 

/         1  fZV,      fdvj\''      /i,         m^  dF 
r,  ~d¥  ~\di)   "^n'  ^   ~>\  ^1 
1   d-r,       f(i''i\^      H~2^'         /iomm,,  1    dF 
r„di^~  V  rfTy  "*"  T?~  ^   ~~m~  rl  dr 


(4) 


jlt  J  r?  m 

Units  Employed.  Let  us  take  m^,  the  mass  of  the  Sun, 
as  our  unit  of  mass,  and  let  the  mean  distance  of  the  earth 
from  the  Sim  be  the  unit  of  length.  Then  that  k,  the 
Gaussian  Co7istant,  may  also  be  unit}',  the  unit  of  time 
must  be  58.13245  mean  solar  days.     Hence  we  may  put 

fji,  =  l  +  ?«,  =  "i'"i*    ,    ft-m^  =  (1  +j?i,  +  7rtj)(l  +  >H,)-=?!2^n/ 
«  =  ^  =  [(!  +  /«,+ m„)  (l  +  m,)]~* 


Tlie  values  of  7U^,   m^,  n^,  n„  are  taken  from  p.  558  of 
Hill's  "  Neic  Theory  of  Jupiter  and  Saturn,"  and  are 

"h  =  TiJil.57T7     .     »i  =  109256".G2552 
™2  =  ^sii.Ts         >     «2  =    43996".21506 
The  above  mean  motions  are  for  a  sidereal  year.     Taking 
as  our  values  for  the  mass  and  mean  motion  (in  a  sidereal 
year)  of  the  earth, 

m'  =  g5-J55is     ,     n'  =  129597:".4151G 

from  the  equation  a'  =  (1  +ot')*  n'-'  we  obtain  the  numeri- 
cal value  of  a',  which,  used  as  the  unit  of  distance,  gives 


lO! 


y  =  log  -i  =  9.604967534 
-  n, 

lo-  a  =  9.736327557 


log  0,  =  0.716237409 
log  a„  =  0.979909852 
Iiitrr/ration  of  liquations  of  Motion.     In  order  to  solve 
equations  (3)  and  (4)  it  seems  best  to  put 

r/i 


r^^  =  ai-(l  +  «,  +  8«,) 
r,'  =  «j^(l  +  «„  +  8tt„) 


dt 


>  =  «,  +  .,  + 8c, 


=  «,  +  ;:.,  +  8.t. 


where  h,  ,  Sj,  u„,  s„  represent  perturbations  of  the  first 
order  with  respect  to  the  masses  and  Sw,,  Sz, ,  hu,  Ss„  are 
of  the  second  order. 

1.  First  Order  Terms  for  Jupiter.  The  radius-vector 
equation  for  Jupiter  becomes,  to  terms  of  the  first  order. 

This  linear  differential  equation  of  the  second  order  may 
be  solved  by  indeterminate  coefficients.  Since  its  right 
member  is  a  cosine  function  of  the  elongation,  6^,  only,  we 

put 

+00 

M,  =  2  V*  a^  cos  i  6^ 

Substituting  this  value  of  «,  in  the  above  equation,  and 
equating  coefficients  of  the  same  argument  on  either  side 
we  have 

a,  =  m^   *ar^+2ai5ri 

m„  ri-v    .dA'  „      3-v    .1 

To  the  same  order  the  longitude  equation  is 

where  h^  has  been  replaced  by  h\  +  SJi,.  In  the  circular 
orbit  Aj  =  h\  =  n^a^^.  Hence  8,A,  is  a  small  constant  of 
the  order  of  the  masses.     Then 

8,  A,  .    m.     .     r^F. 


I'uttinc 


we  find 


8,r,  =/z,rf<  =  ^t.smie, 


(6) 


-"-  =  "■  =  2.Kl-"'(2-'')['^'~"^'"'^ 

+  (K--2v+4)rt,.-l>-(,r=-4i.+6)«- I 

Ton      ,)a^^ 

+  53  +  .-»(l-vVJ«,.-l'1(./  =  ±2 
8,  A, 


.  ..) 


Tlie  constant  term  of  s,  is 


Hrown's  Lunar  Theory,  pp.  16,  17. 


2>i,a„:    but  we  shall 

define  h,  as  the  mean  motion  of  Jupiter  in  disturbed  as  well 
as  in  undisturbed  orbit,  and  it  will  be  obtained  directly 
from  observation.     Hence 
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Since  the  arbitraries  e,  and  ir,  of  tlie  general  solution  of 
the  problem  are  zero  in  this  case,  and  «,  is  not  independent 
of  7j, ,  all  the  arbitrary  constants  have  now  been  fixed,  for  t, 
is  zero  by  the  conditions  laid  down.  Hence  ,'/,  is  not  inde- 
pendent of  the  other  arbitraries,  and  we  find  it  by  means 
of  the  first  of  equations  (4).  This  equation  will  also 
enable  us  to  verify  the  preceding  work,  inasmuch  as  the 
coefficients  of  cosi  $^  on  each  side  of  the  equation  should 
be  identical.     To  terms  of  the  first  order  the  equation  is 


.A<, 


Substituting  in  this  the  above  values  of  u.^  and  .t,  we  find 


(li  = 


,)A'' 


dA" 


2.     First   Order  Terms  for  Saturn.      The  radius-vector 
equation  for  Saturn  is 


Let 


«„ 


2  V   b,  cos  (■  6»„ 


In  forming  a_,<JF^I Oa„  we  make  use  of  the  relation 

dF^  ,       dF, 

a A-  a  5 


'^^o^^^E^o^.^^ 


Then 


,v-  Vl-v  dA^        1  +  v        „ 


b_  =  b,= 

b,  = 


(l-v)(l. 


il-v)\P(l-^'-^l 


1-v       dA'     1  +  v 


The  differential  equation  for  longitude  of  Saturn  is,  to 
terms  of  first  order, 


(8)  .     . 

Putting 

we  find 
-/3_i  =  A  = 


sx 


—  nji,  +  — - 


"-^n„^a„r^dt 
a     -    -J     (}]„ 

+03 

8^  v„  =  Jz„  rfi  =  2  A  sin ;  6^ 


2(l_.)^(l_2.)L2''(l-'')«^«=9^ 


+  (l  +  2v-)rt,.-li-  (H-2v)< 

fi ^v! To  n      ^         '^^' 

Pt  — o~75 ^o  •(  .o,-, rs SI    -;v(l  —  v)  a,a„ 

2{l-vyi\i\l-vy-v\[_      ^         '    '-da^ 

+  \2v  +  v-+i%l-v)-\a„A<  I 
and  since  the  constant  term  in  S,  c.,  is  zero 


8,  A 


-■  -  2nh    =  0 


The  equation  determining  the  constant  term  in  n„  is  to 
terms  of  first  order, 


1t^ 


in„z„-  S7i.?iu  =  2 


-    9a. 


This  gives 

r     2>,-i''       "1 

bo  =  -^'"/'..r/o  =  i  w«,    «,«,,  —    A-a^A" 

DiKFEKENTIAL    EQUATIONS    IkCLUDIXG    SeCOND    OkDEK 

Tekms. 
]  laving  now  solved  the  differential  equations  as  far  as 
the  terms  proportional  to  the  masses  we  are  prepared  to 
push  our  approximation  still  further  and  include  all  terms 
proportional  to  the  squares  and  products  of  the  masses. 
It  is  well  known  that  the  form  of  the  solution  remains  un- 
changed in  all  the  successive  approximations  of  including 
the  squares,  cubes,  and  higher  powers  of  the  masses,  and 
hence  our  differential  equations  preserve  the  same  form, 
and  are  solved  precisely  in  the  same  way  as  before. 

1.  For  Jupiter.  —  a)  Radius  Vector  jEqtiation.  When 
we  extend  the  radius  vector  equation  to  terms  of  the  second 
order,  and  omit  all  terms  of  the  first  order,  we  get 

^,Bu,  +  n^'Su,  =  f  V^=+2^Sv«,^S(^r,^')  +  28/rf'/^ 


+  "'a^'+V'^'^'+-°^^^.J 


In  this  equation  F^  has  the  value  given  above,  and  m  Sy^ 
is  the  constant  of  integration  attached  to  8  fd'F,  and  is  of 
the  second  order.  We  shall  proceed  to  express  fully  the 
right  member  of  this  equation. 

Since 

r^  =  aj(l  +  ^i<j  +  ^8«, -|i/j2) 
we  have 


8,r, 


=  i«, 


also 


Also  since  F.  is  a  function  of  /., 


L  we  have 


dl. 


31, 


With  these  relations  and  that  given  above,  with  refer- 
ence to  a„dF^/da„  we  may  easily  express  h{r^dF fdr^. 
We  also  have 


^'  \dt 


in  which 


J    \_dr^    dt       dv^  ^J 
dt  *  1  ''       2    dt 
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Then  the  above  differential   equation   in   its   expanded 

form  is 


(Sw,)+  w,'8«,  =  n;- 


da. 


I 

■J  L'>",->^, 


i5)t-.S<v.-.,..)+.,i? 


+ 


+  2y£Z'i';  +  2m  8y, 

We  see  immediately  that  the  right  member  is  composed 
of  products  of  series,  either  cosine  by  cosine,  sine  by  sine, 
or,  underneatli  the  integral  sign,  cosine  by  sine.  In  every 
case  we  get,  after  multiplication,  and  integration  of  the  last 
mentioned  products,  a  cosine  series.  If  now  we  attach  the 
factor  2m„Oj/m  above  to  F,^,  every  coefficient  in  each 
factor  is  of  the  order  of  the  masses.  We  shall  designate 
the  coefficients  of  cosine  series  by  Roman  letters,  of  sine 
series  by  Greek  letters.  In  each  series  the  subscript  i  has 
every  integral  value  from  -co  to  +oo  including  zero. 
For  cosine  series  we  may  put  a,  =  a_, ,  for  sine  series 
a,  =  — «_j .     Hence  we  may  write 

2',  a,  cos  i  6^  X  ^j  bj  cos,/  6^  =  ^^  2.)  a,  b^  cos  (i+J)  6^ 
2",  a,  cos  i  0^  X  —J  Uj  sin,/  0^  =  —^  -T,  a,  Uj  sin  (i+J)  0^ 
2",  rt,  sin  i  d^  X  2V  (ij  sin,/  9^  =  -2",  2;  «,  fi^  cos  (i+j)  6^ 

whence  the  equation  for  8;/^  becomes 

~^  («'S)  +  «,'  S«,   =   «,=  \_l,Zj  S^^j  cos  (i+/)  e,  +  2o-m  8r7j 

the  solution  of  which  gives 

K  =  -^^i_(,;^i_,)»eos(^+/)^„  +  2.m8y. 

where     o-  =  2m„ai/m     and 

Si^j  =  3  a^a^  +  e^a^-  —  f  ,bj  —  e,7_|  +  k 


+  (i+yKi-v)^''°^ 


These  letters  express  in  order  the  coefficients  of  the 
various  factors  just  as  they  occur  in  the  right-hand  mem- 
ber of  the  expanded  equation  (9)  given  above. 

I>)     Longitude  Equation.     To  terms  of  the  second  order 
this  equation  becomes,  when  we  put     A,  =  //',  +  S,A,  +  8„//, 
and  omit  terms  of  the  first  order, 
(10) 

K=-v,-.,«..,+^+i",ri»,jg^(^-:-) 

=  »,2.2;/',^,cos(t-+,/-)^„ 
where 


P,,,  =  -2a.d, 


r-(.i+j)\l-vf 


+  : 


1 


[£.C,  -  tb,  +  g,y,]  +^1,^,  -  2<rm8:7,+ 


S.,A, 


2(i+./)(l-v)   - -'- «,a, 

where  the  whole  constant  part  is  included  in  P^,  which  for 
reasons  given  above  must  be  equated  to  zero. 
Then 

F,. 


8,^.^=y8.,rf<  =  2,2W 


sm(i+j)e. 


(i+j)(y-l) 

c)  Equation  Determining  Constant  Part  of  Su^.  The 
first  of  equations  (4)  extended  to  terms  of  the  second  order 
is  sufficient  to  determine  the  constant  &g^  which  occurs  in 
8jti,  and  at  the  same  time  to  verify  our  equations  for  8u 
and  Szj.  For  on  summing  tlie  coefficients  of  like  cosines 
we  shall  find  that  they  vanish  identically,  and  only  a  con- 
stant term  is  left.     If  we  let 

"'  ^  It     '     "'  ~  'jF 
this  equation  is  (11) 

^"'  -iH..  1    ^~"  "•"'  1."''  O^l',      1',  „2 

-„  —  d67<i  —  4 5-  —  i—  —  Z  —+  V  », 

71,-  n,         «,•'  n,'         n/ 

Substituting  in  this  equation  the  expressions  for  8i/, , 
8mi,  8zy,  and  making  use  of  equations  (5)  and  (6)  we  arrive 
at  the  equation 


i-^,-: 


-f  2CTm  8<7,  —  4 


"Shm 


«,a,- 


9/,     ' 


We  shall  find  a  different  expression  for  the  last  term. 

Equation  (())  is 

z,  8|/t,       a-       CdF.  , 

-  +  «.  =  -^3+o»i  |-^'^< 

By  means  of  this  relation  and  its  derivative  we  find 


.  r..^»rf*=2^+4ML,„-2,v 


By  adding 


to  each  member  of  this  equation,  the  integral  in  tlie  right 
member  becomes 


eaus  of  equation  (5)  may  be  comj: 
nee  we  obtain 


which  by  means  of  equation  (5)  may  be  completely  inte- 
grated.    Hence  we  obtain 
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where  [  ]_<,  means  tliat  the  constant  term  is  absent.  The 
equation  under  consideration  then  gives  for  the  constant 
in  Sm, 

H,a,-      [_«,»  «,-J„ 

Here  [  ]„  means  that  only  the  constant  part  is  present. 
Thus  it  is  seen  that  all  periodic  terms  identically  vanish, 
and  the  equations  for  Sii^  and  Szj  are  verified.  We  shall 
use  this  same  equation  to  verify  the  numerical  work. 

Since  the  constant  term  in  8a,  is  zero  we  have 


Ml 


=  2<rm  8:/,  +  2  [a,dj„  +  5„ 


Hence 


-Vna  8y,  =  4  [a.dj,+  2  .9  +  f  J^!  -  f  «r  +  i  ^H 
L"i  "1  Jo 

2.  For  Saturn.  —  a)  Radius  Vector  Equation.  The 
equations  for  Sattirn,  being  formed  in  a  manner  exactly 
similar  to  that  pursued  in  iovming  Jupiter\'i  equations,  may 
simply  be  written  down.     The  first  is 

d- 


(12) 


df 


-„  (8««)  +  71^  hi.. 


^ « .r 


=  »..-    f  ;/.,-  —  2  —  n„  ^     2ai ■"  +a,- f    h^i  —  ^- 


^o+«';;;;7Vr  +  iaz;°  +  «'^7:a^;(«'"'-^'''=) 


2„.J[« 


+ 


3F 

-  a„  — i  -  2  rd"F,-2miq„ 
'  aa.,  J 

dF  «„      3'-F 

"        '   DaJIn.^    dl,  7u] 

We  see  that,  as  in  Jupiter^  radius  vector  equation,  the 
right  member  is  composed  of  the  products  of  series,  all  of 
which  result  in  cosine  series.  Many  of  the  individual  series 
are  the  same  as  those  entering  Jiqnter^s  equation,  except 
for  the  constant  factor  2»t^ii..lm.  Denoting  this  constant 
by  u),  we  can  put 


and  we  can  then  use  the  same  letters  as  before  to  denote 
the  same  coefficients  here.  New  letters  will  be  used  where 
we  have  new  coefficients,  and  arranging  them  in  exactly 
the  order  in  which  they  occur  above,  we  may  write  the 
equation  for  hi.j , 

—,  (^8",)  +  w,-8",  =  ".'[-T.-^'j  E,+^  COS {i+j)e,.  +  2ajm8,7,,] 
the  solution  of  which  is 


R^^j  =  3h,bj [f,c^  —  q,b^  —  6,yj  —  m,+^  —  2u,^^ 

li)     Longitude  Equation.     To  terms  of  the  second  order 
this  is  (13) 

8.?,  =  —u^'io — n.,m„-\ J- 

+  4-/''-.-»-/l-'.|^,(?-*) 


where 

A',.+,  =  -2b,,p,. 


=  n,  v,2-,ii:,+,cos(i  +  /)e„ 


^-^^jfil-.f'^'^'-'--'''^^ 


LK 


+  i-«...-i 


Then 

hv.,  =  fSz.,dt  =  z,i:,— 
-  -      J      ■  '  u- 


<T  (i+;)(i-^) 


[£,c.-^.b,  +  g.7>] 


AV,.  sin  {i+j)  e„ 


(/+y)(v-i) 

c)  Equation  Determining  Constant  Part  of  Smo.  The 
second  of  equations  (4),  expressed  to  terms  of  the  second 
order,  is 


—  3S«,  —  4 5  —  k 

n„'  n„        nJ 


-,+  V«2' 


where 


Ol, 


(14) 

aF,-| 

'9n„J 


.4  =  2«,|^W?^ 
da{- 


B  =  I-\  +«r 


'i)F^ 


'da^    '     '    da;-      '  "    '     '  aa, 

From  this  equation  we  get,  exactly  as  in  the  equation  for 
■Jupiter, 

-'Su,m  hg,  =  4  [b..p,]„  +  2i?„  +  [j!  -  |  "/  +  i  j!]^ 
which  is  exactly  similar  to  the  expression  for  8^, . 

Eefekence  of  Coordinates  of  Saturn  to  Center 
OF  Smi. 

Let  r.,',  ('2'  be  the  polar  coordinates  of  Saturn  referred  to 
the  center  of  the  Sun  as  origin.  Then  in  the  triangle  of 
Sim,  Satu7-n,  mass-center  of  Sun  and  Jupiter,  the  angles  are 
respectively  v„'—Vi,  qr,  and  tt  —  (i-o— i^i),  and  the  sides 
opposite  ro,  K,ri,  and  r„'.     If  we  put 

v„_-v,  =  L-i,  +  s,v.,  -  &,v,  +  . . .  =  e„  +  e,  +  . . . , 

we  get  tJ  =  [r;-+K,-ri-+2K|rir„  cos(c„— I',')]' 

or,  approximately 

r,/  =  r.+K.r,  cos  (6,+ 6,)  +  i  k^-^'  [1-cos  2  (e„  +  e,)] 


8"-..  =  -. 
where 


''"'-I'^/Ai-v) 


Ri+j  cos  (i'+J)  ^0+  2u)m  S,'/2 


=  ao   l  +  i-^o+iSf/o-iiv+i"!'  :p  (l-cos2e„) 
+  K,^'\  (l  +  ^u.^cose.-O.smeA   1 
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since     d,  =  &,v„  —  8,i?,     is  a  very  small  angle.     As  far  as 
to  terms  of  the  first  order 


tJ  —  a.„\  . 


l+^«.,  +  K,  -'cos< 


so  that  to  terms  of  this  order  t.,'  differs  from  r,  only  in  the 
term  of  argument  d^.  It  is  also  seen  that  r,'  has  the  same 
mean  value  as  lias  r, .  When  terms  of  the  second  order 
are  included  this  ceases  to  be  true. 

In  the  same  triangle  as  mentioned  above  we  have 


and 


Hence 


sinqp 


sin((;2— I'i)  r^ 


—  ZTJ  —       1 


approximately. 


s'm  cp  =  (J  =  ~^  sin(v.2—v^) 


and  therefore 


,v,  _  K,  J  n  +  -^_  "j  _  K,  ^  cos  e„1  [sin e,+e,  cos  6,.] 

I',  —  K,  -    sin  du+0i  cos  6^ 

+  f^-"Asin6„-iK,^'   sin2e; 


It  is  seen  that ",'  has  the  same  mean  rate  of  increase,  «.,, 
as  has  v., ,  being  as  much  less  than  the  latter  in  the  first 
and  second  quadrants  as  greater  in  the  third  and  fourth. 

Computation  of  Fikst-Okdek  Terms. 
It  is  necessary  first  to  obtain  the  values  of  the  functions 

A'  entering  into  the  (lerturbative  function.     Let 

+00 

[  1  -  2(t  cos  e^  +  rt-j-t  =  i  y* '''  cos ;  e„ 


Hence  if  we  compute     b',  a  -r-  ,  «'  -,-„   we  can  obtain  from 
da  du- 


them 


by    well     known    relations. 


These  quantities  may  be  computed  in  several  ways,  all 
well  known,  and  it  is  unnecessary  here  to  reproduce  the 
formulas.  By  glancing  at  the  perturbations  under  consid- 
eration as  given  by  DEl'oNTfx'Our.ANT,  "  Theorie  Aunli/tti/ur 
dii  Si/steme  du  Monde"  it  is  seen  that  several  coefficients 
are  quite  large;  for  instance,  19G"  is  the  coefficient  of 
sin  2^(1  in  8,1',.  For  this  and  similar  terms  nine-place 
logarithms  are  necessarv,  but  onlv  a  few  terms  demand  so 


many  figures.  In  general  seven-place  logarithms  suffice 
for  terms  of  the  first  order,  while  five-,  and  for  one  or  two 
terms,  six-place  logarithms,  will  give  the  same  accuracy 
for  the  second-order  terms.  The  b'  and  their  derivatives 
have  been  computed  for  log«  =  9.73C327557,  and  the 
computations  were  checked  twice,  and  in  some  cases,  three 
times  by  recomputation. 


The  values  found  for  b\  a 


db' 
du 


d'-b' 


0 
1 
2 

3 
4 
5 
6 

7 

8 

9 

10 

11 

12 


0.338438916 

9.792423038 

9.4102(52287 

9.07072475 

8.7510906 

8.4430357 

8.1425680 

7.847463 

7.556353 

7.268330 

6.98277 

6.69922 

6.4174 


(lb< 

"da 

9.643539018 

9.907211401 

9.779191774 

9.59073039 

9.3914979 

9.173599 

8.947617 

S.7159S3 

8.480187 

8.24120 

7.99907 

7.75609 

7.51(15 


,  'Pb' 
""  do» 
9.930590 
9.878787 
O.Ct  18092 
0.020155 
9.948190 
9.833742 
9.691950 
9.53118 
9.35651 
9.17124 
8.97758 
8.7772 
8.5716 


From  these  data  we  immediately  compute  the  first-order 
terms  of  Jupiter  given  below.  The  coefficients  are  expressed 
in  abstract  numbers  for  Sir, /u, ,  in  seconds  of  are  for  8,r, . 


^_  0.00001  14252 
-ho  (10012  45421  cos  S^ 

—  0.0( M 153  .■!3S73  cos  2^0 
- 0.00( M)5  55968  cos  3^^ 
-0.0000143934  cos4e„ 

—  0.00000  4700(»  cos  5^0 

—  0.0000"  17772  cosOfio 

—  0.00000  07141  cos7tf„ 

—  O.OOOOO  03016  cos  8^4 
-0.00000  01320  cos9«„ 
-0.00000  00593  cos  10tf„ 
-0.00000  00273  cos  11^0 

—  0.00000  00 1 27  cos  1 26,, 


8,r,  = 


f+  79.24829 

I  -195.77043 

I  -  10.331  SO 

-  3.754.!0 

I  -   1.15702 

0.41297 

0.16100 

0.06('>50 

0.02S0S 

0.01275 

0.00581 

0.00269 


I  _ 

1- 


sin  0„ 
sin2tf„ 
sin  36^ 
sin  46j 
sin  :<$„ 
sin  {\$„ 
sin  7^,, 
sin  8tf, 
sin  9«„ 
sin  10^0 
sin  11^0 
sin  120. 


The  corresponding  values  for  Sutiini  are 
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8,'-= 


f  +0.00041 
•f  0.000.14 
+  0.(100 11 
+  0.1)000," 
+  0.00001 
+  0.00000 
+  0.00000 
+  0.00000 
+  0.00000 
+  0.00000 
+  0.00000 
+  0.00000 

1^+0.00000 


67147 

01070  cos9„ 

71018  cosi'e^ 

40S1G  coso^y 

05602  cos4e„ 

37863  cos  56, 

14794  cos  6^0 

0(;i2;5  cos76„ 

020.19  cos  86,, 

01173  cos9e„ 

00534  coslOe„ 

00247  coslie„ 

00116  cos  126,,  J 


8,^'.  = 


103.82924  sill 

32.01024  sin 

6.66903  sin 

1.99553  sin 

0.70687  sin 

0.27562  sin 

0.11428  siu 

0.04944  sin 

0.02200  sin 

0.01008  sin 

0.00469  sin 

0.00222  sin 


36, 
4^0 

'do 

se„ 

96,, 
10^0 

lift, 

126,, 


We  have  shown  that  in  order  to  reduce  B^r^  /  a«  and  h^v„ 

to  8,r„'/ao  and  8,Vo'  respectively,  it  is  necessary  to  change 

the  coefficient  of  argument  d„  only,  adding  Kja,  /  aj  in  the 

first  case,  and  subtracting  it  in  the  second.    This  amounts  to 

S  r  ' 
Red.  to  -!-5-  =  +0.00052  00157     Red.  to  S,r./=  -107".26093 


Computation  of  Second-Order  Terms. 
With  the  values  obtained  for     A\  a,  ,  a,"  — '—   were 

computed  the  coefficients  a,,  ...,q,.  and  «<,...,  6,.  In 
order  then  to  find  the  numerical  values  of  S«i,  Ss, ,  8?/„,  %z„ 
it  was  necessary  to  multiply  together  series  having  the  above 
as  coefficients.  This  multiplication  was  performed  by  the 
method  of  special  values  as  set  forth  in  Hansen's  "  Ausein- 
andersetzung,  "  pp.  159-164,  or  in  Tisserand's  "Mecanique 
Celeste,"  Tome  IV.  The  semi-circumference  was  divided 
into  twelve  equal  parts,  and  to  0^  were  given  the  thirteen 
equidistant  values  0°,  15°,  30°,  .  .  .  . ,  180°.  '  It  is  important 
in  these  computations  to  take  advantage  of  any  checks 
that  may  present  themselves.  When  no  checks  were  avail- 
able the  computations  were  repeated.  After  all  the  pro- 
ducts had  been  computed  equation  (11),  determining  the 
constant  part  of  the  radius-vector,  was  employed  as  a  partial 
verification  of  the  work. 

1.  Computation  of  Sit i  and  8s, /Wj.  The  numerical 
values  of  the  coefficients  entering  into  Bu^  and  8s,  are  tabu- 
lated  below    in    terms    of    their   logarithms.     It    will    be 


denoted  whether  the  series  (which  is  a  product  of  two 
other  series)  is  a  cosine  or  a  sine  series,  and  by  the  num- 
bers i+j  at  the  left  what  is  the  multiple  of  the  argument 
Q„  whose  coefficient  is  opposite.  By  multiplying  by  two 
each  of  the  coefficients  a,,  .  .  .,  «,,...,  except  when 
/  =  0,  we  may  regard  i+J  as  always  positive. 


co.sine 

cosine 

cosine 

cosine 

'■+,; 

a^a; 

e,a; 

fib, 

— fi'i'j 

0 

.1.18127       ; 

3.1306871 

3.39200 

3.37675H 

1 

2.5881 79»  1 

3.260253?i 

3.681298 

3.506168n 

2 

2.322029 

.1.26149777 

3.741587 

3.33191871 

3 

2.8082271 

3.1017l7t 

3.70378 

2.97340H 

4 

3.13372 

3.2100171 

3.61656 

3.07604 

5 

2.44947 

3.1549871 

3.48959 

3.22051 

6 

1.9421 

3.0539877 

3.33996 

3.19793 

7 

1.501 

2.923971 

3.17452 

3.10977 

8 

1.098 

2.77407i 

2.99747 

2.98594 

9 

0.718 

2.605571 

2.8098 

2.8358 

10 

0.35 

2.424171 

2.6133 

2.6738 

11 

9.95 

2.18177i 

2.3949 

2.5558 

12 

9.7 

2.011071 

2.1544 

2.3660 

sine 

sine 

sine 

sine 

i+J 

UCj 

Cib; 

g.?j 

hidj 

1 

3.22877871 

2.624453 

3.26422671 

1.597713 

2 

3.50255071 

2.976050 

3.25611671 

2.42055271 

3 

3.540787J 

2.95902 

3.049247i 

2.1913177 

4 

3.592827i 

2.84670 

2.96747 

2.7395771 

5 

3.5292671 

2.67205 

3.15861 

2.6435971 

6 

.3.4213971 

2.4729 

3.15214 

2.48659W 

7 

3. 28530  » 

2.2601 

3.07239 

2.302477 

8 

3.1289471 

2.0379 

2.9536 

2.10147) 

9 

2.9597?i 

1.812 

2.8096 

1.89357i 

10 

2.776271 

1.577 

2.7506 

1.68077 

n 

2.5576n 

1.33 

2.5291 

1.472« 

12 

2.34567f 

1.06 

2.3477 

1.2497! 

sine 

cosine 

cosine 

cosine 

!+J 

w'l 

a,(l. 

k,., 

'.+j 

0 

3.50648W 

2.64482 

1 

2.349305 

2.796439 

o 

2.340550 

2.51453l7i 

3.121940 

3.044708 

3 

2.04846 

3.10381 

4 

2.95404 

3.4611471 

5 

2.85854 

2.818807^ 

6 

2.69805 

2.35268?7 

7 

2.5099 

1.9517?i 

8 

2.3051 

1.585671 

9 

2.0929 

1.245n 

10 

1.872 

0.9267i 

11 

1.613 

0.57371 

12 

1.395 

0.28« 

In  order  to  find  the  constant  S.-/,  which  enters  into  8hi, 
and  at  the  same  time  verify  the  preceding  calculations,  it 
is  necessary  to  compute  the  additional  products  in  equation 
(11),  namely, 


4:71,' 


4», 


and  crrti 
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the  numerical  values  of  whicli  are  tabulated  below.  The 
same  nomenclature  is  used  as  before,  and  the  tabulation  is 
in  the  same  order  in  which  the  terms  are  here  written. 


cosine 

cosine 

cosine 

cosine 

i+J 

-Uj 

d4j 

a,Oj 

airj 

U 

3.32522 

3.83271 

3.32522n 

2.55100?j 

1 

2.30343 

2.96510n 

2.120567i 

2.97100m 

2 

2.12794 

2.66130 

2.45334« 

2.89591/1 

3 

2.73772 

3.3979271 

2.68638 

2  8820471 

4 

3.2S384« 

3.78892 

3.29248« 

2.766757J 

5 

2.77321n 

3.18525 

2.82099W 

2.82824/i 

6 

2.39858« 

2.75328 

2.49363» 

2.80472m 

7 

2.Q65&U 

2.38169 

2.20678« 

2.724597t 

8 

1.7530«. 

2.0415 

1.9372« 

2.6087971 

9 

1.451» 

1.7187 

1 .673« 

2.457974 

10 

l.lo8« 

1.407 

].412» 

2.301« 

11 

0.886«. 

1.0S7 

1.147n 

2.068« 

12 

0.60» 

0.80 

0.897i 

1.911« 

It  was  found  that  the  last  three  or  four  coefficients  (ex- 
cept the  twelfth)  obtained  bj-  the  method  of  special  values 
did  not  satisfy  the  checks,  whereas  the  same  coefficients 
computed  by  direct  multiplication  of  series  did.  Hence 
all  these  coefficients  were  thus  recomputed.  In  tliis  way 
were  obtained  the  twelfth  coefficients  in  the  sine  series, 


which  are  not  given  by  the  method  of  special  values.  In 
the  cosine  series  the  twelfth  coefficient  is  the  same  for  both 
waj's  of  computing. 

From  the  above  data  we  get  for  Sic^  and  S^,  /  7i,, 


cosine 

cosine 

i+j 

Sui 

Sz, /n, 

0 

3.78191 

1 

4.55980274 

4.501489 

2 

4.554736 

4.569894 

3 

3.84237 

4.042657( 

4 

2.84305 

3.63491 

5 

2.6374 

2.6812 

6 

2.2726 

1.713 

7 

1.909 

1.125»i 

8 

1.555 

1.23277 

9 

1.211 

1.0767i 

10 

0.86 

0.787J 

11 

0.09 

0.46 

12 

9.4 

0.45 

AVe  have 

S,'-,        , 

„ 

^    =    i  [8)(,-i77,=]       ,       Sa-i   =    /-gs,   (it 
"l  ■' 

The  numerical  values  of  these  quantities  are  here  given. 


&,) 


f +0.00000  02267 

-0.0000017952  cos  e„ 

I  +0.0000017830  cos2i9„ 

I  +0.00000  03800  cos  36,, 

I  -0.00000  00332  cos4e„ 

+  0.00000  00076  cos5e„ 

+  0.00000  00050  cos  6^0 

+  0.00000  01)025  008  7^0 

+  0.(ion(»(Mt(tOlL'  cos8e(, 

+  0.00000  00006  cos9l9„ 

1^+0.00000  00003  coslOe„ 


8,r, 


r -1.09575  sin^o     "| 

+  0.64134  sin2e„ 

I  +0.12699  sin  3^0    | 

—  0.03725  sin  4^0    1 

I  -0.00332  sin  5^0    | 

I  -0.00030  sin  6^0    1 

]  +0.00007  sin  7^0    f 

I  +0.00007  sin8e„    I 

I  +0.00005  sin9fl,     | 

I  +0.00002  sin  10^0 

I  -0.00001  sinlie„  I 

1^-0.00001  sinl2ej 


These  vahies  of  S^r, /«,  and  S.,i\  constitute  the  solution    of   the  problem  for  Jupiter's  coordinates,  but,  that  the 
expressions  for  — '  and  r,  may  be  complete,  we  add  the  first-  and  second-order  terms,  thus  forming  the  tables 


r  1-0.00001  11985  ^ 

+  0.00012  27470  cos  e„ 

-0.00053  16043  cos  2$, 

—0.00005  52168  cos  36,, 

-0.00001  44266  cos4e„ 

-0.00000  47524  cos  o^o 

—  0.00000  17722  cos  6^0    l" 
-0.00000  07116  cos7e„ 

—  0.00000  03004  cos  8^0 
-0.00000  01314  oos9e„ 
—0.00000  00591   eoslO^„ 
-0.00000  00272  cos  11^0 

(^    -0.0000000127  cosl2ej 


r,  =  «/+  ■{ 


^ 


+    78.15254  sind 
-195.12909  sin2e,    j 

-  16.20481   sin3fl„    | 

-  3.79161   sin4d„ 

-  1.160.33  sin  55,,    | 

-  0.41327  sin6e„    [ 

-  0.16093  .sin7e„    [ 

-  0.06649  sin  8^0    I 

-  0.02863  sin  9^0    | 

-  0.01273  sin  10ft,  I 

-  0.00582  sin  lift,  | 
0.00270  sinl2ft„J 


L- 
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2.      Compiitafion  of  Sii.^  nud  &x.,  /  >i. 
entering  into  8"o  and  Sz.j/»„  have 
as  they  enter  also  into  8»|  and  8.-.' 
coefficients,  in   terms  of   tlieir    log; 
below. 


, .  Several  of  the  series 
already  been  computed 
,/;<,.  The  remaining 
arithms,  are   tabulated 


cosine 

cosine 

cosine 

cosine 

f./ 

b,b. 

f.c; 

q.i'. 

-dr/j 

0 

3.39116 

3.63496rt 

3.32535 

3.52548m 

1 

3.541489 

3.S49053?i 

3.415321 

3.622736« 

2 

3.29549 

3.89548n 

3.36101 

3.42446m 

3 

2.92530 

3.817597J 

3.19688 

3.01129m 

4 

2.52038 

3.79771/i 

3.02462 

3.29467 

5 

2.09649 

3.6S966rt 

2.81428 

3.36085 

^6 

1.69460 

3.55232« 

2.59122 

3.30380 

7 

1.3130 

3.39590m 

2.36141 

3.19518 

8 

0.948 

3.22480?t 

2.12730 

3.05590 

i) 

0.595 

3.0439W 

1.8916 

2.89760  . 

10 

0.25 

2.8505W 

1.647 

2.7281 

11 

9.91 

2. 6  250  » 

1.395 

2.5953 

12 

9.60 

2.4080ft 

1.119 

2.4079 

sine 

sine 

cosine 

cosine 

q.*?; 

^P> 

m,+; 

",+,■ 

0 

2.S2091?i 

1 

3.169687 

2.848613« 

2 

3.19792 

2.79111W 

3.29803» 

2.64967m 

3 

3.09005 

3.00085m 

4 

3.05805 

3.00635rt 

5 

2.91879 

2.88634?j 

6 

2.74412 

2.72391W 

7 

2.55063 

2.53883W 

S 

2.34727 

2.340l7t 

9 

2.1352 

2.1324m 

10 

1.9187 

1.9153»t 

11 

1.7057 

1.684n 

12 

1.503 

1.428W. 

There  is  one  additional  product  needed  for  Sz.j/  ii.,  and 
three  for  the  numerical  expression  of  equation  (14).  These 
are,  respectively, 

11.^2       t'u'       ■"„'      iinii^ 
2n„  '   4mo"  '    nJ'  '    4«,- 
The  coefficients  of  these  products  are  given  below  in  the 
same  order  in  which  they  occur  here.     Then  8('„  and  &.-.,/  n.^ 
have  the  values  given. 


cosine 

cosine 

cosine 

cosine 

i+j 

b,P. 

'/j'/j 

P.P; 

Sihj 

0 

3.22296»t 

3.3S700 

3.59894 

3.3S700M 

1 

3.669376m 

3.48381 

3.62334 

3.83723m 

2 

3.56529m 

2.35849m 

3.62027 

3.92742m 

3 

3.32728m 

3.25359m 

3.60254 

3.81581m 

4 

3.01265m 

3.18388m 

3.37820 

3.63415m 

5 

2.66516m 

2.94751m 

3.08329 

3.40628m 

6 

2.33235m 

2.68587m 

2.78977 

3.16908m 

7 

2.00986m 

2.41787m 

2.50202 

2.92815m 

8 

1.7018m 

2.1475m 

2.2185 

2.6852m 

9 

1.3983m 

1.877oM 

1.9386 

2.4422m 

10 

1.106» 

1.6090m 

]  .6602 

2.192m 

11 

0.80« 

1.34S5M 

1.378 

1.937m 

12 

0.46« 

1.0995m 

1.080 

1.655m 
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cosine 

cosine 

i+J 

8«... 

Sze/ii! 

0 

4.20364m 

1 

5.005758»i 

5.074954 

2 

4.04903m 

4.36740 

3 

3.59051n 

4.07674 

4 

3.08096n 

3.71344 

5 

2.65093n 

3.37455 

6 

2.25643m 

3.0540 

7 

1.8850m 

2.7447 

8 

1.5294m 

2.4442 

9 

1.1877m 

2.150 

10 

0.835m 

1.852 

11 

0.13m 

1.34 

12 

9.43m 

0.89 

As  in  the  case  of  r,  and  c,  we  have 


8,r, 


=  i  [^"■•-i"/]     ,     &,V2  =  / 


Sz„dt 


In  order  to  determine  -'—  and  8.,w,',  the  second-onler  per- 
a„  "  ' 

turbations  of  Saturn's  coordinates  when  referred  to  the 
center  of  the  sun,  we  must  apply  to  the  former  the  follow- 
ing reductions  respectively  :  — 

+  iK,--.,  (l-cos2e,;)+K,-    ^'  cose,  +  (8,v,  — 8,iv)  sin  ft, 


and 

+  i  Kj-  %,  sin  2ft, -  K,  -'  r f "'  -  -'- )  sin  ft, -  (8ji-, - 8,y,)  cos  ft 


'•] 


In  order  to  show  the  amount  of  these    reductions   the 

values  of  -^'  and  Lv.,  are  placed  beside  them  below.     In 
"■J 

-^  and  its  reduction  the  numbers  are  expressed  in  units  of 
the  tenth  decimal. 


cosine 

sine 

+j 

Reduction 

8,r, 

Reduction 

0 

—   9222 

+    690 

" 

" 

1 

-52407 

-4318 

-1.65252 

-0.'04"98'2 

2 

-  6585 

-   477 

-0.16202 

+  0.02275 

3 

-  2368 

+  1374 

-0.05531 

-0.02554 

4 

-     768 

-1-   109 

-0.01797 

-0.00211 

5 

-     286 

+     22 

-0.00659 

-0.00051 

6 

-     115 

+       6 

-0.00262 

-0.00017 

7 

-       49 

+       2 

-0.00110 

-0.00007 

s 

-       21 

0 

-0.00048 

-0.00003 

9 

-        10 

0 

-0.00022 

-0.00001 

10 

-          4 

0 

-0.00010 

0.00000 

11 

-          1 

0 

-0.00003 

0.00000 

12 

0 

0 

-0.00001 

0.00000 

We  can  now  form  the  tables  for  r.,'  /  a.  and 
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"=^ 


1  +  0.0004158615 
+  0.O00Sfi  35112 
+  0.00014  (;755fi 
+  0.00003  ;i9S22 
+0.00001  0,".0t)3 
+  0.(1(1(11111  ;;7,"i',)i.i 

+  0.OIII 1  ics.-i 

+  0.(.io(Min  iM;(i7t; 

+  0.0O(M)()  (ll'CI.S 

+  0.00ooooii(i3 
+  0.00000  00530 
+  0.00000  00246 
+  0.00000  00116 


1 
cos6„ 
COS  2d„ 
cos  36„ 
cos  4^0 
cos  56f, 
cos  6^0     t' 

cos    Idg 

cos  8e„ 
cos  9^0 
cos  106(, 

cos  11^0 

COS  \2d„  j 


n._t->r    -i 


f-  5.13402  sin 

+  31.87097  sin 

I  +  6.58817  sin 

+  1.97545  sin 

I  +  0.69977  sin 

+  0.272S3  sin 

+  0.11311  sin 


I  + 
I  + 
I  + 
I   + 

L  + 


0.04893  sin 

0.02183  sin 

0.00998  sin 

0.00466  sin 

0.00221  sin 


66>„ 


9e„ 
12  ft, 


Thus  we  get 


-  =  l  +  ^-.l,  cos/  (L-l^) 
a,  , 

?',  =  ',+  1  B.  sin  i  (1,-1,) 
--  =  1  +  ^'  .1,'  cos  j  (L—ly) 

^2  ] 

V,'  =  /.,+  2'  B/  sin  i  (4— /j) 
1 

Leander  McCormick  Observatory,  1003  Mai/  15. 


If  we  refer  the  coordinates  to  axes  intersecting  in  the 
Sun,  and  rotating  in  the  ciirection  of  motion  with  the  uni- 
form velocity  Wj ,  it  is  evident  that  we  may  write 

Vi  —  l,  =  M'l  =  ^"  B^  sin  ikf 

1 

V,'  —  l,=  >(:,  =  let  +  y  B!  sin  i kt 
1 

where  k  =  ii.,~)i,.     Then  all  the  coordinates  are  periodic 
with  respect  to  the  time. 


WHITE   SPOT 

By  E.  E. 

I  alwaj's  make  a  habit  of  looking  at  Satiim  frequently 
during  the  time  the  planet  is  visible  each  year.  In  all  the 
observations  I  have  ever  made  of  it,  I  had  never  seen  anj- 
marking  that  could  be  used  for  determining  the  rotation 
period.  On  June  15th,  at  15''  0"',  while  examining  the 
planet  with  the  40-inch,  I  noticed  a  decided  bright  spot 
half  way  from  the  central  meridian  of  the  planet  and  the 
following  limb.  The  sky  immediately  clouded  over,  and  no 
opportunity  occurred  to  see  the  spot  again  until  this  morn- 
ing (a.m.  of  June  24). 

On  this  occasion  the  spot  was  ver}-  noticeable,  and  was 
l)ieceded  by  a  smaller  white  spot,  which  was  separated 
from  the  main  spot  by  a  small  dusky  patch  extending 
north  and  south.  This  dusky  patch  was  estimated  to  be 
in  transit  at  2''  50'". 

At  IS""  3"'  the  following  measures  were  made  : 

Center  of  spot  fol.  ji.  limb  11.7  (2) 

Center  of  spot  pre.  f.  limb  6.1  (2) 

At  15''  7""  its  center  was 

Dist.  from  S.  limb  11.8  (2) 

Dist.  from  X.  limb  5.7  (2) 

When  on  the  central  meridian  the  east  and  west  diameter 
was  2". 6,  from  one  setting  of  the  wires.  The  spot  was 
then  slightly  elongated,  and  very  luminous,  though  not 
definitely  defined. 


OX    SATUIiX, 

BARXAKD. 

In  transit  the  position  was 

I  From  S.  limb 

From  N.  limb 


11.51  (2) 
G.OO  (2) 


This  would  make  it  2".75  north  of  the  center  of  the 
ilisc. 

The  rotational  motion  of  the  spot  was  rapid. 
The  following  careful  records  were  made: 

li      m 

15  37  the  large  white  spot  is  now  in  transit. 
15  42  I  think  it  is  now  in  transit. 
15  50  it  is  certainly  past  transit. 
15  55  it  is  noticeably  past  transit. 

I  think  the  second  observation  is  perhaps  the  best,  and 
have  adopted  it  for  the  time  of  transit,  viz. : 

June  23  15"  42-' Central  St'd  Time  (6''0"' slow  of  G.M.T.), 

At  16''  0'"  the  spot  was  strikingly  distinct,  and  a  little 
elongated.  At  this  time  no  other  spot  was  visible,  so  it 
will  be  easy  to  definitely  identify  it  for  determination  of 
tlie  rotation  period.  The  belt  south  of  the  spot  was  very 
heavy,  and  was  extended  out  to  the  south. 

The  spot  was  observed  again  last  night,  with  the  12-inch 
and  a  power  of  about  300  diameters. 

It  was  decidedly  conspicuous,  and  when  in  traiisit  was 
somewhat  elongated. 
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The  following  observations  of  its  transit  were  made  : 

h      III 

June  24   12  48  not  quite  in  transit. 
12  52    " 
12  54    " 
12  55  transit,  or  not  quite. 

12  58  transit. 

13  0  transit. 

13    2  past  transit. 

Yerkes  Obsereatonj,  Williains  Bay,  Wis.,  1903  June  25. 


.June  24  13    4  perhaps  past. 

13    7  certainly  jiast  transit. 
13  11  noticeably  past. 
13  13  conspicuously  past. 

At  transit  there  was  no  other  spot  visible.     The  central 
transit  was  perhaps  close  to 

June  24''  12''  SS""  Central  Standard  Time. 


co:\rET  c  1003. 

[From  Ritchie's  Circular  of  July  (i,  N'o.  135.] 

A  message  received  from  Dr.  Kreutz,  via  Harvard  Col- 
lege Observatory,  on  June  22,  announced  the  discovery  of 
a  comet  with  nucleus  by  Borkelly,  of  Marseilles,  on  June 
21.  Subsequent  positions  were  received  from  Lick  Observ-. 
atory  and  from  Professor  Payxe,  which  are  given  below. 

From  observations  of  June  22,  23  and  24,  Mr.  Bellamy 
has  computed  the  following  approximate 

Elements. 
T  =  1903  August  21.707  Greenw.  M.T. 

TT  —    67  55  ) 
SI  =  292  37  >- 1903.0 
i  =    92  11  ) 

,j  =  0.2375 


El'HEMERIS. 

Gr.  .Midnight 

a 

8 

Br. 

1903 

July    3 

7 

h        III       s 

21  32  47 
21     9  16 

+   S°51 
+  21  42 

3.9 

11 

20  24   13 

+  43  41 

15 

17  53  41 

+  66  24 

16.8 

Brightness  June  21  =  1. 

Positions 

. 

Greenw.  M.T. 

a 

8 

Observer 

h)ti3 

June  21.469 

2l"  52"  52! 

-8  10 

" 

Borrelly 

22.8742 

21  51  38.8 

-7     0 

48 

Aitken 

23.8278 

21  50  51.4 

-6     9 

26 

Aitken 

23.8613 

21  50  50.1 

-6     7 

38 

Wilson 

24.8745 

21  49  52.0 

-5     8 

48 

Aitken 

OBSERYATIOXS   OF   THE  SATELLITE   OF  XEPTUXE, 

m.\de  with  the  20-inch  equatorial  at  the  u.s.  naval  observatory, 

By  W.  W.  DINWIDDIE. 

[Communicated  by  Captain  C.  M.  Chester,  U.S.N.,  Superintendent.] 


All  of  the  following  measures  were  made  by  double  dis- 
tances, five  comparisons  on  each  side  of  coincidence  ;  aud 
ten  position  angles.  The  center  of  yeptune  was  bisected 
in  each  case.  A  magnifying  power  of  six  hundred  diame- 
ters was   used.     The   measures   have  been   corrected  for 


refraction.  An  unusual  amount  of  cloudy  weather  this 
season  prevented  a  greater  number  of  observations  being 
secured.  The  seeing  has  been  uniformly  bad,  except  on 
Oct.  30,  Xov.  1,  and  Dec.  5. 


Washington  M.T. 

P 

Wash.  M.T. 

s 

Washin 

'ton  M.T. 

P 

Wash.  M.T. 

s 

1902 

h         m       s 

0 

h      m      8 

n 

190S 

h       m       s 

0 

h       m       8 

" 

Oct.   24 

16  28  45 

101.99 

16  28  45 

16.28 

Jan.     6 

11     8  30 

263.97 

11     8  45 

16.48 

28 

16  14  45 

235.03 

16  14  15 

14.39 

22 

10     5  30 

19.61 

10     6  30 

10.86 

29 

16  41  15 

154.10 

16  41     0 

11.39 

Feb.  20 

8     2  36 

52.00 

8     3     0 

13.57 

30 

16  14  30 

96.33 

16  15  15 

16.05 

22 

8  30     0 

269.53 

8  29  40 

16.55 

31 

16  44     0 

50.96 

16  43  45 

13.68 

25 

8  37  30 

88.07 

8  38     0 

16.88 

Nov.    1 

16     3     0 

327.27 

16     2  45 

11.88 

26 

8     5  15 

43.24 

8     6  30 

13.17 

0 

16     4  30 

272.43 

16     4  15 

16.51 

Mar.    3 

7  34  45 

84.92 

7  35  15 

16.77 

21 

14  43     0 

205.87 

14  44  45 

11.74 

12 

7  27  58 

257.50 

7  28  17 

15.97 

Dec.     1 

14     6  30 

291.17 

14     7  45 

15.34 

17 

7  32  58 

295.24 

7  32  43 

13.46 

5 

14  14  30 

69.20 

14  16     0 

15.93 

'            18 

7  51  35 

251.43 

7  51  17 

16.45 

7 

13  33  15 

286.28 

13  34  45 

15.62 

26 

7  41  28 

108.42 

7  42     7 

14.79 
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SUNSPOT   OBSERVATIONS, 

made  at  bekwvjj,  pe.nn.,  with  a  4i-ixch  refractor, 
By  a.  W.  QUIMBY. 


New 

Total 

Fac 

New 

Total 

Fac 

New 

TotAl 

Fac. 

1903 

Time 

Def. 

1903 

Time 

Def. 

1903 

Time 

Def. 

Grs 

Grs. 

Spots 

Grs. 

Gra. 

Grs. 

Spots 

Gi-e. 

Grs. 

Grs. 

Spots 

Grs. 

Jan.    *1 

1 

- 

- 

- 

- 

poor 

Mar.     5 

8 

_ 

_ 

_ 

~ 

fair 

May     8 

8 

_ 

_ 

_ 

1 

fair 

*3 

11 

- 

- 

- 

- 

poor 

6 

8 

- 

- 

- 

1 

good 

9 

8 

1 

1 

1 

1 

good 

6 

1 

1 

1 

2 

1 

fair 

10 

11 

- 

- 

_ 

_ 

poor 

10 

8 

_ 

_ 

_ 

1 

fair 

7 

7 

- 

- 

- 

- 

poor 

11 

5 

- 

- 

- 

- 

poor 

11 

7 

_ 

_ 

_ 

1 

lair 

8 

9 

- 

- 

- 

1 

fair 

12 

8 

1 

1 

1 

1 

fair 

12 

6 

1 

1 

1 

0 

fair 

9 

10 

- 

- 

- 

1 

fair 

13 

8 

_ 

1 

4 

_ 

fair 

13 

8 

_ 

1 

1 

2     fair      ' 

10 

9 

- 

- 

- 

1 

fair 

14 

8 

_ 

1 

7 

_ 

fair 

14 

8 

_ 

1 

1 

2 

fair 

12 

1 

- 

_ 

- 

- 

fair 

15 

8 

_ 

_ 

_ 

1 

fair 

15 

S 

_ 

_ 

_ 

2 

fair 

13 

9 

- 

- 

- 

- 

fair 

17 

8. 

_ 

- 

_ 

_ 

fair 

16 

8 

1 

1 

1 

2 

fair 

14 

11 

- 

- 

- 

- 

poor 

18 

8 

_ 

- 

- 

_ 

fair 

17 

8 

_ 

1 

2 

1 

fair 

15 

3 

- 

- 

- 

- 

fair 

19 

8 

- 

- 

- 

2 

good 

IS 

7 

_ 

1 

2 

1 

fair 

16 

3 

- 

- 

- 

- 

fair 

20 

10 

- 

- 

_ 

_ 

poor 

19 

8 

_ 

1 

1 

1 

fair 

17 

2 

- 

- 

- 

- 

fair 

21 

8 

- 

- 

_ 

_ 

poor 

20 

8 

1 

1 

2 

1 

fair 

18 

8 

1 

1 

1 

fair 

23 

4 

1 

1 

1 

- 

poor 

21 

7 

1 

2 

10 

2 

fair 

19 

10 

- 

1 

5 

fair 

24 

8 

1 

2 

5 

1 

fair 

22 

7 

_ 

0 

4 

_ 

poor 

20 

11 

- 

1 

3 

poor 

25 

8 

_ 

2 

6 

1 

fair 

23 

10 

_ 

1 

2 

_ 

fair 

21 

11 

- 

1 

17 

- 

v.good 

26 

8 

1 

2 

3 

1 

fair 

24 

6 

_ 

1 

1 

_ 

poor 

22 

9 

1 

2 

11 

poor 

27 

8 

- 

2 

7 

1 

fair 

25 

7 

_ 

1 

1 

_ 

poor 

23 

8 

- 

2 

11 

poor 

28 

8 

- 

2 

12 

1 

•  good 

26 

7 

1 

2 

13 

1 

good 

24 

10 

- 

1 

6 

poor 

29 

8 

1 

3 

24 

1 

fair 

27 

7 

_ 

1 

1 

_ 

poor 

26 

9 

- 

- 

- 

- 

poor 

31 

4 

_ 

3 

42 

1 

good 

28 

8 

_ 

1 

2 

2 

tair      1 

27 

3 

- 

- 

- 

fair 

Apr.     1 

8 

_ 

3 

23 

1 

fair 

29 

3 

_ 

_ 

_ 

1 

good 

28 

11 

2 

2 

7 

fair 

2 

8 

1 

3 

7 

2 

poor 

30 

8 

_ 

_ 

_ 

_ 

poor 

29 

9 

- 

1 

8 

poor 

3 

8 

- 

2 

3 

1 

poor 

31 

6 

_ 

- 

- 

1 

fair 

30 

9 

- 

1 

8 

- 

poor 

4 

8 

- 

1 

3 

1 

fair 

June     1 

8 

_ 

- 

- 

1 

good 

31 

10 

- 

1 

8 

poor 

5 

9 

- 

1 

3 

1 

fair 

2 

6 

_ 

_ 

_ 

_ 

poor 

Feb.      2 

10 

- 

1 

2 

poor 

6 

8 

_ 

1 

8 

2 

fair 

3 

8 

_ 

_ 

_ 

_ 

fair 

3 

3 

- 

1 

2 

poor 

7 

5 

- 

1 

1 

- 

poor 

4 

7 

•_ 

_ 

_ 

_ 

fair 

4 

1 

- 

- 

- 

- 

poor 

9 

8 

1 

2 

7 

1 

fair 

T) 

7 

_ 

- 

_ 

_ 

poor 

5 

8 

1 

1 

2 

- 

fair 

10 

8 

- 

2 

7 

1 

fair 

1; 

7 

_ 

_ 

- 

_ 

poor 

6 

8 

- 

1 

2 

- 

fair 

11 

7 

- 

2 

6 

1 

fair 

7 

(> 

_ 

_ 

_ 

_ 

poor 

7 

9 

- 

- 

- 

- 

poor 

13 

10 

- 

1 

2 

1 

poor 

8 

8 

- 

- 

- 

-     fair 

8 

o 

- 

- 

- 

- 

poor 

16 

2 

- 

- 

- 

- 

poor 

9 

8 

- 

- 

- 

-     fair 

9 

8 

2 

2 

3 

1 

fair 

17 

8 

_ 

- 

_ 

_ 

fair 

10 

s 

_ 

_ 

_ 

_ 

fair 

10 

9 

] 

3 

10 

1 

fair 

18 

7 

_ 

_ 

_ 

2 

fair 

11 

s 

_ 

_ 

_ 

fair 

12 

8 

- 

3 

6 

1 

fair 

19 

8 

_ 

- 

_ 

_ 

fair 

12 

10 

_ 

_ 

_ 

poor 

13 

9 

- 

2 

4 

- 

fair 

20 

8 

_ 

- 

_ 

1 

fair 

13 

4 

1 

1 

1 

2 

fair 

14 

3 

- 

1 

2 

- 

poor 

21 

7 

_ 

- 

_ 

1 

fair 

11 

2 

_ 

1 

1 

1 

poor 

17 

8 

- 

1 

2 

- 

fair 

22 

4 

1 

1 

1 

2 

fair 

1.-. 

8 

_ 

1 

1 

2 

poor 

18 

8 

1 

2 

3 

_ 

poor 

23 

7 

_ 

1 

1 

2 

fair 

IC. 

8 

1 

2 

6 

2 

fair 

19 

8 

1 

3 

7 

- 

fair 

24 

8 

2 

3 

9 

3 

fair 

17 

10 

_ 

1 

1 

1 

poor 

20 

3 

- 

1 

8 

3 

fair 

25 

11 

_ 

2 

3 

1 

poor 

IS 

10 

_ 

1 

3 

2 

fair 

21 

8 

- 

1 

1 

2 

poor 

26 

5 

1 

3 

10 

1 

fair 

l-.» 

8 

_ 

I 

0 

i 

poor 

22 

8 

- 

1 

2 

- 

poor 

07 

8 

1 

4 

24 

2 

good 

20 

4 

2 

3 

30 

_ 

poor 

23 

8 

_ 

1 

3 

fair 

28 

8 

_ 

4 

27 

2 

fair 

21 

8 

_ 

3 

50 

_ 

good 

24 

8 

2 

3 

7 

1 

fair 

29 

10 

_ 

3 

42 

2 

good 

8 

_ 

3 

16 

1 

poor 

25 

8 

- 

3 

6 

2 

fair 

30 

8 

_ 

3 

80 

2 

good 

24 

4 

_ 

2 

5 

2 

fair 

26 

8 

- 

2 

7 

2 

fair 

May     1 

8 

_ 

3 

24 

2 

fair 

25 

7 

_ 

0 

3 

_ 

poor 

27 

8 

- 

2 

5 

_ 

fair 

2 

6 

1 

3 

18 

2 

fair 

26 

7 

_ 

0 

5 

1 

fair 

28 

o 

- 

2 

3 

_ 

poor 

3 

8 

_ 

3 

16 

9 

fair 

27 

7 

_ 

1 

1 

1 

poor 

Mar.     1 

8 

- 

1 

1 

1 

poor 

4 

8 

_ 

3 

10 

3 

f  ai  r 

2S 

7 

_ 

1 

1 

1 

fair 

2 

8 

- 

1 

3 

1 

fair 

5 

4 

- 

- 

- 

1 

good 

29 

4 

_ 

1 

1 

1 

poor 

3 

8 

- 

1 

2 

2 

fair 

6 

8 

- 

- 

- 

1 

fair 

30 

8 

1 

1 

4 

_ 

cood 

4 

8 

- 

1 

2 

3 

fair 

7 

8 

- 

- 

- 

1 

fair 

^-    1 

'2J-inch  refractor. 
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N"»-  54L'-543 


OBSEKYATIONS   OF   MINOR   PLANETS, 

MAPK    WITH    TIIK    li-INCH    KC^CATOIM AI.    AT   Till:    1.  S.    NAVAL   OBSEIl V ATOUV, 

Bv  .1     C.   HAMMOND. 
[Communicated  by  Captain  C.  M.  Chestkr,  U.S.N.,  Superintendent.] 


1903  Wash.  M.T. 

* 

Comp. 

Ja 

jB 

App.  a 

App.  6 

log  7)A            Red.  to  App.  PI. 

(387)  Aqiiitdiiii. 

Feb.     4 

10  IG 

33 

1 

15  ,  4 

-1 

'2LO6 

-  1  -m'.^ 

9  35  39.88     +19  11 

3.6    /(9.451    0.527     +1.99  -15.7 

4 

10  29 

35 

2 

20  ,  5 

-1 

11.42 

—   6  56.7 

9  35  39.60  I  +19  11 

8.9|m9.414    0.517     +1.99-15.7 

-      5 

11  48 

22 

3 

19  ,  4 

-1 

27.76 

-   2  54.9 

9  34  45.83     +19  20 

17.3    M8.982    0.472     +2.00-15.7 

(402)   Chloe. 

Feb.  L'l 

10     0 

22 

4 

29  ,  6 

+  0 

30.81 

+   0     0.3  1    9  45     8.71     +20     3 

11.3    ;/9.319 

0.483 

+  2.10  -15.7 

22 

9  14 

48 

5 

30  ,  10 

-0 

11.02 

-   1    -2.8      9  44  21.07 

+  20  12 

52.7    W9.452 

0.510 

+  2.11  -15.6 

2;> 

9  57 

46 

6 

19  .  4 

o 

56.36 

-13  55.4 

9  43  31.36 

+  20  23 

0.8    719.291 

0.472 

+  2.11  -15.6 

2r. 

10     S 

19 

7 

25  ,  5 

+  1 

6.16 

-13  39.6 

9  41  56.05 

+  20  42 

15.1    rt9.193 

0.454 

+  2.12  -15.4 

(11)  Parthenope. 

Jan.  30 

11     0 

6 

8 

24  ,  5 

+  1 

55.53 

-   6  38.4  1  10     8  22.70 

+  13  43 

10.4    w9.461 

0.608  1  +.1.84  -15.2 

Feb.     o 

10  4.3 

55 

9 

30  ,  (> 

+  1 

10.08 

-    1  48.8 

10     ;!  21.70 

+  14  21 

58.9    «9.430 

0.594     +1.94  -15.0 

;) 

10  4.T 

13 

10 

23  ,  6 

+  2 

22.84 

+   0  21.2 

9  59  45.S6 

+  14  48 

34.8    «9.368 

0.579     +2.00  -15.8 

11' 

10   .-,S 

51 

11 

23  ,  6 

-0 

16.47 

+   3  19.8 

9  56  58.32 

+  15     8 

38.0    »9.258 

0.563     +2.03  -15.9 

(79)  Eurynome. 

Feb.   ly 

9  r>6 

18 

12 

30  ,  G 

2 

34.51 

+   1  24.4 

10  20  31.87 

+   3  49 

48.3    W9.442    0.709 

+  2.08  -15.7 

20 

9  r)8 

41 

13 

29  ,  10 

-0 

0.09 

-   4  43.2 

10  19  35.35 

+  3  56 

25.1    «9.424    0.708 

+  2.09  -1.5.9 

21 

11     3 

39 

14 

35  ,  8 

+  0 

24.96 

-   4  53.1 

10  18  36.27 

+   43 

21.3    H9.147  '  0.701 

+  2.10  -16.0 

22 

10  13 

10 

15 

29,  6 

+  2 

10.61 

+   3  29.8 

10  17  41.84 

+   49 

52.4    n9.351  ;  0.703 

+  2.10  -16.1 

(18)   Jlelpotiien''. 

Mar.  27 

10  49 

32 

16 

10  ,  2 

-1 

39.04 

-    1     2.4 

10  29  34.99     +13  47 

42.5 

8.885 

0..571     +2.06  -15.0 

\in:     1 

9  46 

24 

IV 

O-     '     r- 

-1 

15.32 

—   7  22.2 

10  26  53.60     +14  13 

32.4 

J17.840 

0.562     +2.02  -14.6 

4 

9  37 

56 

IS 

30  ',  6 

+  0 

54.62 

-11  28.4 

10  25  33.51     +14  26 

45.8 

7.427 

0..558     +1.98  -14.4 

~) 

9     8 

28 

IS 

28  ,  6 

+  0 

31 .38 

-   7  32.3 

10  25  10.26  1  +14  30 

42.0  1  m8.692 

0.558  !  +1.97  -14.3 

(29)  Amphitrite. 

Mar.  2(1 

11   .39 

25 

19 

30  ,  6 

+  0 

10.07 

-    1   IS.S     13     1  32.64     -   9  33 

25.6 

«9.134  1  0.814 

+  2..3S  -11.7 

.\pr.     4 

10  33 

14 

20 

30  ,  6 

+  0 

43.67 

+  10  32.0  '  12  53  11.06     -   9     3 

40.8 

H9.243  :  0.808 

+  2.44  -12.8 

4 

11     9 

41 

21 

20,4 

-3 

29.94 

+   3  41.9     12  53     9.62  |  -   9     3 

37.3 

?j9.036    0.811 

+2.44  -12.5 

~> 

10  45 

24 

22 

25,5 

+  2 

52.93 

+   0  51.6     12  52  13.82  1-90 

5.4 

ra9.166  !  0.809 

+  2.44  -13.0 

8 

9  54 

42 

22 

30,6 

+  0 

5.41 

+ 1 1   46.0  i  1 2  49  26  31  1  -   8  49 

10.4 

?;9.3.30    0.804 

+  2.45  -12.4 

Mean  Places  of  Comparison- Stais  foi'  the  heginnlvg  of  the  year. 


* 

§ 

Authority 

* 

a 

S                                  Authority 

1 

9" .36" 58.95    +19'' 12'  57^2 

Berlin  (A)  A.G.  3903 

12 

lo"2.3"'  4!30    +   3°48' 39^6    Albany,  A.G.  4047           1 

9 

9  36  49.03 

+  19  18  21.3 

"         '•        '■     3900 

13 

10  19  33.35  1+41  24.2 

"      4030           ! 

3 

9  36  11.59 

+  19  23  27.9 

"     3895 

14 

10  IS     9.21     +48  30.4 

"           "      4021 

^1- 

9  44  35.80 

+  20     3-26.7    Berlin  (B)  A.G.  38.54 

15 

10  15  29.13     +46  38.7 

"      4007 

0 

9  44  29.98 

+  20  14  11.1         '•        "       "     3853 

16 

10  31    11.97     +13  48  ,59.9 

Bonn  VI,  +14°22()7 

6 

9  46  25.61 

+  20  37  11.8  1       "        "       "     3860 

17 

10  28     6.90  ,  +14  21     9.2 

Leipzig  I,  A.G.  4053 

1" 

9  40  47.77 

+20  56  10.1 

"        "     3840 

18 

10  24  36.91 

+  14   3S   28.6 

"      "     4042 

8 

10     6  25.33 

+  13  50     4.0 

Leipzig  I.  A.G.  3962 

19 

13     1  20.19 

.  -   9  31  55.1 

Sohjellerup  4728     [140 

y 

10     2     9.68 

+  14  24     3.2 

<^         "        "     3948 

20 

12  52  24.95 

-   9  14     0.0 

Wien.  A.G.  Zones  122  & 

10 

9  57  21.02    +14  48  29.4 

'•         "        "     392S 

21 

12  56  37.12 

-   9     7     6.7         '■       "      Zone  131 

11 

9  57  12.76    +15     5  34.1 

Berlin  (A)  A.G.  4017 

22 

12  49  18.45 

-   9     0  44.0     Xewcomb'sFund.Catal. 
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OBSEKYATIOXS   OF   COMET  cL   1902    {uiAconiyi), 

m.vde  witu  the  ■2i;-ixcii  equatorial  at  tue  u.s.  xaval  obsek v.\toky, 

By  W.  W.  DINWIDDIE. 

[Communicated  by  Captain  C.  M.  Chestkk,  U.S.N.,  Superintendent.] 


1902-3  Wash.  M.T. 

* 

Conip. 

Ja 

Jl 

App.a 

App.  8 

log/^A 

Red.  to  App.  PI. 

Dec.  18 

11       m      8 

12  20  28 

1 

«15,    2 

-o' 

48*39 

+ 

i  35"l 

7 

if 

15.14 

+  0° 

44 

20.3 

ra9.053 

0.733 

+4!6o  -lo'l 

26 

10  44  23 

o 

10,10 

+0 

3.00 

+ 

3  22.8 

( 

6 

27.16 

+  2 

33 

14.6 

n9.370 

0.718 

+4.81  -16.1 

Jan.  17 

12  12  30 

3 

10  ,  10 

+  0 

6.91 

+ 

0  40.9 

6 

50 

39.24 

+   9 

0 

33.8 

9.129 

0.644 

+  1.94  -12.6 

18 

8  17  49 

4 

10,10 

-0 

21.82 

+  10     6.7 

6 

50 

4.49 

+  9 

16 

59.6 

»9.481 

0.662 

+  1.93  -12.6 

22 

11   27  30 

o 

10,10 

-0 

37.19 

_ 

3  34.9 

6 

47 

17.18 

+  10 

38 

45.7 

8.963 

0.619 

+  1.94  -12.8 

Feb.    4 

9  30     5 

6 

t\%,    8 

-0 

37.13 

+ 

0  57.8 

G 

40 

12.42 

+  14 

o^ 

34.3 

»i8.454 

0.550 

+  1.90  -12.3 

.) 

8  28  12 

7 

r;39 ,  10 

-0 

49.44 

_ 

1  40.1 

6 

39 

49.28 

+  15 

15 

20.4 

«9.163 

0.555 

+1.90  -12.3 

O'J 

7  55  39 

8 

i!29,    6 

+2 

16.08 

_ 

3  10.8 

6 

36 

31.16 

+  20 

31 

5.8 

?j8.856 

0.443 

+  1.80  -10.8  1 

23 

8     4  14 

9 

10,10 

-0 

5.99 

+ 

0  19.1 

6 

36 

33.63 

+  20 

48 

27.3 

«8.658 

0.434 

+  1.80  -10.8  ' 

2() 

8  33  44 

10 

10,10 

-0 

20.89 

_ 

1  37.6 

6 

36 

51.07 

+  21 

39 

24.9     8.627 

0.413 

+  1.75  -10.4 

:\[ar.   1 

9     0  18 

11 

10,10 

-0 

7.51 

— 

6  38.8 

6 

37 

23.69 

+  22 

28 

40.2      9.091 

0.405 

+  1.70  -10.0 

3 

10  31  39 

12 

i'32,    6 

-1 

11.79 

+ 

5  21.4 

6 

37 

54.55 

+  23 

1 

20.9  1    9.496 

0.474 

+  1.67  -   9.9  ; 

17 

9  15  19 

13 

10,10 

-0 

24.83 

_ 

3  36.1 

6 

44 

23.86 

+  26 

20 

56.0!    9.434 

0.371 

+  1.48  -  8.6 

18 

9  o(J  34 

14 

t'lb,    5 

-0 

49.08 

+ 

3  25.8 

G 

45 

4.72 

+  26 

34 

15.9     9.545 

0.430 

+  1.47  -  8.G 

Apr.  17 

8  34  15 

15 

t\2,    6 

+1 

11.47 

+ 

4     4.7 

7 

15 

14.85 

+  31 

36 

43.0      9.577 

0.328 

+  1.04  -   7.0 

18 

8  45  10 

16 

ill  ,    6 

-1 

17.54 

+ 

6  41.9 

7 

16 

34.34 

+  31 

44 

17.5  1    9.602 

0.356 

+  1.04  -   7.0  , 

27 

9  33  32 

17 

10,10 

+0 

20.54 

— 

6  13.0 

7 

29 

8.01 

+32 

44 

51.3     9.696 

0.494 

+0.89  -  6.5 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

8               1                 Authority 

1 

7  11  58.88 

+   o''43'    0.3 

Xicolajew,  A.G.  2007 

9 

6  36  37.82 

+  20°  48   19*0 

Berlin  B,  A.G.  2535 

2 

7     6  19.35 

+   2  30     7.9 

Albauj-,  A.G.  2677 

10 

6  37  10.21 

+  21   41  12.9 

Berlin  B,  A.G.  2543 

11 

6  37  29.50 

+  22  35  29.0 

Berlin  B,  A.G.  2545 

3 

6  50  30.39 

+   9     0     5.5 

Leipzig  II,  A.G.  3353 

12 

6  39     4.67 

+  22  56     9.4 

Berlin  B,  A.G.  2564 

4 

6  50  24.38 

+   9     7     5.5 

Leipzig  II,  A.G.  3348 

13 

6  44  47.21 

+  26  24  40.7 

Carab.,  Eug.,  A.G.  .■;532 

5 

6  47  52.43 

+  10  42  32.4 

Leipzig  I,  A.G.  2557 

14 

6  45  52.33 

+  26  30  58.7 

Camb.,  Eng.,  A.G.;5.-.47 

6 

6  40  47.65 

+  14  55  48.8 

Leipzig  I,  A.G.  2477 

15 

7  14     2.34 

+  31   32  45  3 

Leiden,  A.G.  3076 

7 

6  40  36.82 

+  15  17  12.8 

Berlin  A,  A.G.  2369 

16 

7  17  50.84 

+31  37  42.6 

Leiden,  A.G.  3113 

8 

6  34  13.28 

+  20  34  27.4 

Berlin  B,  A.G.  2511 

17 

7  28  46.58 

+32  51  10.8 

Leiden,  A.G.  3192 

Comparisons  in  a  were  made  by  transits  when  marked  t,  otherwise  Ja  was  determined  by  the  micrometer. 


OBSERVATIONS   OF  COMET  h  1902  {PEituiyE), 

MAIlE    WITH    THE   26-lXCH    EQUATOKIAI,   AT  THE    U.S.    XAVAL   OIISEKV.VTDKY, 

By  C.  W.  FREDERICK. 
[Communicated  by  Captain  C.  M.  Chestek,  U.S.K,  Superintendent.] 


1003  Wasl 

ington  M.T. 

* 

Comp. 

Ja. 

jS 

App.a 

App.  8 

log  7)A 

1  Ked.  lo  App.  ri. 

Feb.    5 

h 
11 

o"   8* 

1 

23,5 

+  l' 

37.17 

-5  24.2 

s"  3"39!73 

-33" 

23  12!4 

n7.862  '  0.922  1  +2.27  -17.4 

5 

11 

15  47 

1 

20,4 

+  1 

32.89 

-4  .32.7 

8     3  35.45 

-33 

22  20.9 

8.483    0.922 

+  2.27  -17.4 

20 

9 

45  57 

2 

21,5 

+  1 

37.64 

2  22  '' 

6  54  39.38 

-18 

9  39.2 

9.023    0.864 

+  1.70  -20.7  , 

21 

10 

50  12 

3 

dlO  ,  10 

-0 

10.45 

+  6  .34.7 

6  52     0.15 

-17 

20     1.5 

9.385    0.846 

+  1.G9  -20.'7 

22 

8 

59  15 

4- 

rflO,10 

-0 

26.32 

+  0  33.5 

6  49  48.93 

-16 

37  52.0 

8..'.3S    0.859 

+  1.G7  -20.7 

23 

10 

33  14 

5 

rflO  ,  10 

+  0 

10.96 

-7  35.9 

6  47  27.49 

-15 

50  4G.5 

9.3(;6    0.840 

+  1.64  -20.6 

25 

9 

33  30 

6 

27,6 

+1 

24.29 

-3  34.5 

6  43  33.66 

-14 

29     8.8 

9.1 46    0.843 

+  1..58  -20.4   i 

26 

9 

5  50 

7 

t^lO.lO 

+  0 

9.89 

-5  52.0 

6  41  4S..59 

-13 

50  22.5 

8.982    0.842 

+  1..-.G  -20.3 

Mar.    1 

7 

59  51 

8 

28,    6 

+  0 

44.27 

+4  12.9 

6  37   12.53 

-12 

1  37.7 

H7.746    0.8.33 

+  1.47  -20.1 

3 

8 

58  42 

9 

(ilO,10 

-0 

28.72 

-4  55.4 

.6  34  34.11 

-10 

53     1 .6 

9.126    0.822 

+  1.43  -19.9 

4 

8 

14  47 

10 

24  ,6 

+  2 

12.40 

+  1   46.8 

6  33  25.78 

-10 

21  28.8 

9.065    0.820 

+  1.,39  -19.9 

17 

S 

.•■.3  42 

u 

20  ,  (i 

+  1 

49.37 

-1  .-).3.0 

6  24  51.16 

-  4 

54  30.4 

9.314    0.778 

+  1.15  -18.6 

IS 

S 

39  40 

12 

30  ,  6 

+  0 

48.12 

-3  17.5 

6  24  34.39 

-   4 

34  37.5 

9.350    0.775 

+  1.14  -18.G 

20 

8 

17  59 

15 

2i;  ,  6 

-1 

23.35 

-2  44.6 

G  24     7.97 

-  3 

57  1.3.2 

9.301  '0.772 

+  1.12  -1.S.5 

25 

7 

49  29 

16 

^/10,5 

-0 

20.19 

-5  41.4 

G  23  39.73 

•■) 

32  48.8 

9.2GG    0.761 

+  1.03  -17.8 

26 

8 

23     S 

18 

rflO ,  10 

+0 

11.91 

-0  24.4 

6  23  39.79 

•> 

17     0.4 

9.39S  1  0.757 

+  1.01  -17.S 
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Mean  Places 

of  Comparison- Sta 

rs  for  the  beginning  of  the 

year. 

* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

2 
3 
4 
5 
6 
7 
8 
9 

h      m      B 

8     2    0.29 
6  53     0.04 
6  52     8.91 
6  50  13.58 
6  47  14.89 
6  42     7.79 
6  41  37.14 
6  36  26.79 
6  35     1.40 

-33  17  30.8 
-IS     6  56.3 
-17  26  15.5 
-16  38     4.8 
-15  42  50.0 
-14  25  13.9 
-13  44  10.2 
-12     5  30.5 
-10  47  46.3 

C.G.C.  10728 
Wasliingtoii,  A.G.Zones 
Washington,  A  G. Zones 
AVashington,  A.G.Zones 
Washington,  A.G.Zones 
Wasliingtoii,  A.G.Zones 
Camb.,  U.S.,  A.G.Zones 
Camb.,  U  S.,  A.G.Zones 
Camb.,  U.S.,  A.G.Zones 

10 
11 
12 

13 
14 
15 
16 
17 
18 

6  31  11.99 
6  23     0.64 
6  23  45.13 
6  25  57.57 
6  25  45.21 
6  25  30.20 
6  23  58.89 
6  22  41.55 
6  23  26.87 

-10  22  55.7    Camb.,  U.S.,  A.G.Zones 

-  4  52  18.8     Strassburg,  A.G.  Zones 

-  4  31     1.4    Strassburg,  A.G.  Zones 

-  3  38  45.9    Strassburg.  A.G.  Zones 

-  3  46  56.6    Mic.  Comp.  with  *13 

-  3  54  10.1     Mic.  Comp.  with  *14 

-  2  26  49.6    Strassburg,  A.G.  Zones 

-  2  16  18.2    Mic.  Comp.  with  *17. 

The  second  observation  by  W.  W.  Dinwiddik.     Comparisons  in  a  were  determined  by  the  micrometer  when  marked  d.  otlierwise 
by  transits.     The  comet  was  best  seen  at  the  last  observation.     Continued  cloudy  weather  prevented  further  observations. 


SEAK(  III.XG   EPHEMERIS   FOK   APPEAKAXCE   IX   liio;}   OF   COMET   189(5  V. 

Continued  from  A.J.  534,  as  Abridj;od  from  M.  Ebell's  Communication  in  A.N.  38S1. 


Boston  M.T. 

Assumed  Per 

Pass.  .Tunc  (i.a 

u 

8 

lilO.1 

1 

ji 

3 

O                / 

J  uly 

16.5 
20.5 

o 

32 

34 

+  17  30.6 

24.5 

2 

53 

9 

+  18     2.9 

28.5 

Aug. 

1.5 
5.5 

3 

12 

29 

+  18  19.7 

9.5 

3 

30 

23 

+  18  21.9 

13.5 

17.5 

3 

46 

40 

+  18     9.9 

21.5 

25.5 

4 

1 

6 

+  17  44.9 

29.5 

Sept 

2.5 
6.5 

4 

13 

30 

+  17     7.7 

10.5 

4 

23 

42 

+  16   19.6 

14.5 

18.5 

4 

31 

30 

+  15  21.7 

22.5 

26.5 

4 

36 

44 

+  14  15.4 

Unit  of  brightness  assui 

ued 

is  for  ISO"  Jan.  4,  whei 

Assumed  Per.  Pass.  June  22.5 
u  8  Br. 

l''59"36'     +17°  33.9     2.55 

2  10  22  +17  57.4 

2  20  51  +18  16.6     2.60 

2  31      1  +18  31.3 

2  40  51  +18  41.6     2.64 

2  50  19  +18  47.5 

2  59  22  +18  49.1     2.67 

3  7  59  +18  46.5 

3  16     7  +18  39.7     2.69 

3  23  45  +18  28.8 

3  30  50  +18  14.0     2.70 

3  37  20  +17  55.4 

3  43  15  +17  33.2     2.70 

3  48  32  +17     7.4 

3  53  10  +16  38.3     2.70 

3  57     8  +16     6.0 

4  0  23  +15  30.8     2.69 
4     2  55  +14  52.8 

4     4  43  +14  12.2     2.66 


Assumed  Per.  Pass.  July  8.5 
8 

l'l8"42'    +17°  32.9 

1  40  13     +18  29.4 

2  0  32  +19  4.7 
2  19  19  +19  19.1 
2  36  12     +19  12.0 

2  50  52      +18  44.3 

3  2  55  +17  56.2 
3  12  11  +16  49.6 
3  18  18  +15  25.7 
3  21  24  +13  47.4 


last  seen.     At  discovery  in  1896  it  was  n>'-12"  (Br.  =  2.93.) 
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OX   THE   FIFTH   SATELLITE   OF  JUPITER, 

Bv  E.  E.  BAKNARD. 


The  large  southern  declination  of  Jvpiter,  and  the  conse- 
quent low  altitude  of  the  planet,  even  when  on  the  meridian, 
have  made  it  impossible  to  secure  any  measures  of  the  fifth 
satellite  from  the  spring  of  1899,  until  the  past  summer 
and  fall. 

Though  it  was  looked  for  at  different  times  in  the  inter- 
val, when  the  conditions  were  favorable,  and  the  oppor- 
tunity occurred,  it  could  not  be  seen. 

In  the  latter  part  of  July,  and  in  August  and  September 
of  the  past  year,  the  satellite  was  again  observed,  but  it 
was  at  all  times  difficult  to  measure.  Fortunately  the 
elongations  occurred  when  the  planet  was  near  the  meridian ; 
otherwise  it  would  have  been  impossible  to  secure  the 
measures.  Even  when  the  seeing  was  best  the  satellite 
was  difficult  from  the  low  altitude. 

The  following  west  elongation  times  were  observed  in 
1902.     They  are  6"  0'"  slow  of  G.M.T. 


July 

28 

13 

59. (J 

Aug. 

25 

11 

28.7 

Sept. 

9 

10 

6.3 

Reducing  these  to  the  Sun  of  1892  Oct.  9,  we  have 

Julian  Day  5,  959.590750 
5,  987.490542 
G,  002.434626 

The  following  west  elongations  were  observed  in  1892. 
They  are  8"  0"  O"  slow  of  G.M.T. 


Oct.  9 
17 
23 
28 


16  3 

15  17 

14  48 

14  26 


Nov.  4 
11 
18 


13  44 
13  6 
12  25 


These  reduced  to  the  elongation  of  1892  Oct.  9  give 


Julian  Day  2,  381.669584 
.668656 
.668628 
.672942 


Julian  Day  2,  381.670025 
.669880 
.664901 


Mean         2,  381.669231 
From  the  three  elongations  of  1902,  above,  and  the  nor- 


mal elongation  time  for  1892  f)ct.  9,  we 
three  values  of  the  periodic  time  : 


»et  the  following 


0.49817899 
0.49817923 
0.49817906 


7182  periods 
7238       " 
7268       " 

±0''.00000006 


Mean     0.49817909 

The  sidereal  period  of  the  satellite  is,  therefore, 

0"  11"  57"  22'.6698     ±0'.0052 

The  probable  error  of  a  single  determination  is  ±0'.007. 
The  mean  daily  motion  in  the  orbit  is,  722°.631636. 

The  following  are  comparisons  of  the  predicted  times  of 
west  elongation  from  the  "  Connalssa7ice  des  Temps "'  for 
1902,  and  the  observed  times.  Thej-  are  all  in  Paris  mean 
time. 

c— o 

Fred.  1902  Julv  28  20  ll"'4     Obs'd  July  28  20    8°9     +2.5 
Au?.  25  17  38.4  Aug.  25  17  38.1      +0.3 

Sept.    9  16  17.4  Sept.    9  16  15.7     +1.7 

Mean     +1.5 
It  would  seem,  therefore,  that  the  satellite  was  about 
one  and  a  half  minutes  ahead  of  its  predicted  time,  which 
rested  upon  the  periodic  time  derived  by  Dr.  Cohn. 

As  in  the  previous  observations  of  this  object,  a  piece  of 
smoked  mica  covering  one-half  of  the  field  was  placed  in 
front  of  the  field-lens  of  the  ej-e-jiieee — between  it  and 
the  wires.  This  dulled  the  light  of  Jupiter  so  that  the 
planet  could  be  distinctly  seen  and  measured,  the  eye  at  the 
same  time  not  being  blinded  to  the  feeble  light  of  the  sat- 
ellite which  was  visi\)le  in  the  unobscured  part  of  the  field. 
It  is  by  this  means  only  that  this  object  can  be  referred 
direct  to  Jupiter.  I  have  previously  called  attention  to 
the  fact  that  my  measures  of  the  diameters  of  Ji/yiVcr  with 
the  36-inch  of  the  Lick  Observatory  were  made  through 
similar  smoked  mica.  These  diameters  are  therefore  speci- 
ally suited  for  reducing  these  observations  of  the  satellite 
to  the  center  of  the  planet. 

Miss  E.  E.  DoBBix,  of  the  University  of  Chicago,  has 
recently  undertaken  a  new  determination  of  the  orbit  of 
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this  satellite,  under  the  supervision  of  Dr.  Kukt  Laves. 
Miss  DoBBix  will  use  all  the  measures  obtained  here  with 
the  40-inch  in  the  years  1898, 1899  and  1902,  and  will  base 
her  work  on  Dr.  Coiix's  orbit,  --l.^V.  .'U04.  Until  her  im- 
portant investigation  is  finished,  it  has  seemed  desirable  in 
sending  the  present  list  of  measures  to  the  Astronomi<al 
Journal,  to  make  some  effort  to  approximatel}'  determine 
some  of  the  elements  of  the  orbit  (by  another  method  than 
that  which  she  will  use),  in  which  the  elongation  distances 
alone  are  taken  into  account. 

In  1894,  Tis.sERANi),  from  the  observations  made  up  to 
December  of  1893,  during  which  time  the  satellite  had  been 
under  observation,  but  little  more  than  a  j'ear,  computed 
certain  elements  of  the  orbit  from  the  observed  elongation 
distances  {C.Ii.,  CXIX,  No.  15,  for  1894  Oct.  8). 

The  great  polar  compression  of  Jupiter  must  produce  a 
large  motion  in  the  orbit  of  this  satellite.  From  the  known 
compression  of  Jupiter  Tissekand  computed  the  amount  of 
this  motion,  which  he  found  to  be  882°  a  year  in  a  positive 
direction,  or  a  complete  revolution  of  the  orbit  in  about 
five  months.  With  this  motion,  and  the  elongation  dis- 
tances measured  by  the  writer  at  the  Lick  Observatory,  he 
derived  the  mean  distance,  the  eccentricity  and  the  longi- 
tude of  the  perijove  of  the  satellite's  orbit.  These  elements 
represented  the  observations  with  great  exactness. 

His  elements  were 


a  =  47".90G 


e  =  0.0073 


<U(i  (the  longitude  of  the  perijove)  =  —4°  epoch  1892  Nov.  1. 
The  daily  motion  of  the  orbit  used  by  Tisserand  was 
a,,  =  +2°.42. 

No  matter  how  well  the  orbit  of  this  satellite  may  be 
determined,  it  is  impossible,  on  account  of  the  rapid  motion 
of  the  line  of  apsides,  to  get  a  fair  representation  of  the 
observations  unless  the  motion  of  the  perijove  has  been 
well  determined.  This  very  fact  also  militates  against  a 
satisfactory  determination  of  the  orbit  from  observations 
extending  over  any  considerable  period  of  time. 

The  values  of  the  polar  compression  of  Jujnter  from  the 
various  measures  of  his  diameters  are  very  discordant. 
There  is,  furthermore,  a  characteristic  difference  between 
the  compression  derived  from  filar-micrometer  and  from 
heliometer  measures  amounting  to  about  one  unit  in  its 
value. 

Not  being  satisfied  with  the  way  in  which  my  measures 
with  the  40-inch  refractor  were  represented  in  1898  and 
1899  by  Tisseraxd's  elements,  I  varied  his  motion  of  the 
perijove  until  these  observations  were  satisfied.  At  the 
same  time  the  measures  of  1892  and  1893  were,  if  any- 
thing, better  represented  than  with  Tisserand's  motion 
(see  A.J.  472,  Vol.  XX,  p.  126).  It  was  then  shown  that 
by  accelerating  the  motion  of  the  line  of  apsides  to  900°  a 
year  a  very  close  agreement  was  obtained  between  obser- 
vation and  theory  over  the  entire  six  or  seven  years.     The 


observed  elongation  distances  up  to  1902  July  28  are  repre- 
sented with  great  exactness  with  this  combination  of  Tis- 
sekaxd's  elements  and  my  value  of  the  apsidal  motion. 
But  for  the  other  measures  of  1902,  with  tiie  exception  of 
Oct.  7,  which  is  closely  represented,  the  results  are  disap- 
pointing, and  I  believe  the  discordances  are  not  warranted 
by  the  character  of  the  observations. 

A  comparison  of  various  ephemerides  (computed  from 
different  elements)  with  the  observations,  shows  that  Tis- 
sekaxd's  elements  with  his  motion  of  the  line  of  apsides, 
give  a  fair  representation  of  all  the  observations.  The 
agreement  between  observation  and  calculiition  is  remark- 
able, with  the  exception  of  the  measures  of  1899.  But  the 
observations  of  1899  are,  I  believe,  very  exact,  especially 
the  elongation  distance  of  May  1,  which  is  combined  with 
that  of  April  25,  with  which  it  is  accordant,  to  form  the 
normal  of  April  28. 

In  ^.i\'.  3403-4,  Dr.  Fiaiz  Cohn,  using  the  observations 
made  by  Heumaxs  Struve  at  Pulkowa,  and  by  the  writer 
at  the  Lick  Observatory  up  to  the  end  of  1894,  made  a 
thorough  investigation  of  the  orbit  of  the  satellite.  He 
did  not  derive  the  mean  distance  from  the  elongation  dis- 
tances, as  was  done  by  Tisserand,  but  determined  it  from 
a  modification  of  Kepler's  third  law  in  which  he  took  into 
account  the  motion  of  the  line  of  apsides. 

Of  these  elements,  the  values  with  which  we  are  con- 
cerned, are 

a  =  48".0G5 
e  =    O.OOoOl 
(o„  =  207°.2     Epoch  1892  Nov.  1 

The  motion  of  the  perijove  determined  by  him  was  911°.7 
a  year,  or  +2°.4961  daily. 

This  motion  differed  from  Ti.sseraxd's  value  by  30°  a 
year,  while  the  longitude  of  the  perijove  was  149°  less  than 
Tisserand's.  It  is  evident  that  one  or  the  other  of  these 
computations  must  be  very  badly  out. 

I  have  shown  that  with  an  increase  of  18°  annually  in 
Ti.sserand's  motion  his  other  elements  closely  represented 
the  place  of  the  satellite  up  to  the  end  of  the  observations 
in  1899,  while  those  of  Cohx  gave  badly  discordant  results. 
A  comparison  of  the  residuals  (0— C)  from  an  ephemeris 
of  each  is  given  in  the  following  table : 

CoHX,  using 

TiSSEKAXD  COUX      TiSSEP.AND'S  CO,, 


1892  Sept.  12 

+  0.03 

+  0.25 

-0.07 

Oct.   8 

-0.11 

+0.27 

-0.16 

19 

-0.11 

-0.66 

-0.36 

26 

+  0.07 

+  0.15 

-0.02 

Nov.  10 

+  0.08 

—  0.22 

-0.08 

12 

+  0.02 

+  0.05 

-0.13 

1893  Sept.  27 

-0.07 

-0.65 

-0.25 

Nov.  12 

+  0.03 

-0.29 

-0.23 

Dec.  10 

0.00 

+0.29 

-0.13 

1894  Dec.  3 

+  0.15 

-0.03 

+  0.12 

1898  Mar.  15 

0.00 

-0.14 

+  0.14 

1899  :May  6 

+0.09 

+  0.30 

+0.08 

June  16 

+  0.05 

-0.25 

+  0.18 
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It  would  seem  from  this  comparison  that  Tisserand's 
result.s  are  nearer  the  truth.  If,  however,  we  reject  Cohn's 
longitude  of  the  perijove  and  substitute,  instead,  Tis- 
serand's value,  there  is  a  great  improvement  in  the  results, 
as  will  be  seen  from  the  residuals  in  last  column  above. 

This  would  seem  to  show  that  Cohn's  longitude  of  the 
perijove  is  wrong,  and  this  is  further  proved  to  be  true  later  on. 

In  trying  to  get  a  satisfactory  agreement  between  calcu- 


lation and  observation,  I  have  computed  nearly  twenty 
ephemerides  from  different  elements,  several  sets  of  which 
have  been  computed  new,  or  by  varj-ing  portions  of  them. 

The  results  in  general  would  almost  leave  one  in  doubt 
as  to  what  the  motion  of  the  orbit  really  is. 

Some  of  the.se  comparisons  may  be  of  interest.  A 
few  of  them  are  therefore  incorporated  in  the  following 
table : 


Table  of  Residuals  from  Various  Elements. 

■''<  4  5  6  7 


1892  Sept.  12 

+  0.03 

+  0.12 

0.00 

+  0.25 

+  0.02 

+  0.01 

-0.01 

+  0.01 

-0.01 

-0.06 

-0.02 

Oct.  8 

-0.11 

+  0.02 

-0.11 

+  0.27 

-0.11 

-0.01 

-0.15 

-0.04 

-0.03 

-0.13 

-0.07 

19 

-0.11 

-0.27 

-0.36 

-0.65 

-0.11 

-0.31 

-0.11 

-0.25 

-0.23 

-0.16 

-0.17 

2(5 

+  0.06 

+  0.11 

-0.02 

+  0.15 

+0.07 

+  0.14 

+  0.05 

+  0.14 

+  0.17 

+  0.11 

+0.15 

Nov.  10 

+  0.09 

0.00 

-0.12 

—  0.22 

+  0.07 

+  0.07 

+  0.07 

+  0.09 

+  0.14 

+  0.13 

+  0.15 

12 

+  0.02 

+  0.05 

-0.06 

+  0.06 

+  0.03 

-0.05 

0.00 

-0.03 

-0.09 

-0.06 

-0.03 

1893  Sept.  27 

—  0.07 

-0.23 

-0.34 

-0.62 

-0.16 

-0.21 

-0.16 

-0.17 

-0.08 

-0.24 

-0.21 

Nov.  12 

+  0.03 

—  0.08 

-0.17 

-0.29 

+  0.11 

—  0.35 

+  0.10 

—  0.01 

-0.01 

+0.15 

+0.13 

Dec.  10 

0.00 

+  0.10 

-0.02 

+  0.29 

+  0.09 

+  0.26 

+  0.07 

+  0.07 

+0.04 

+  0.15 

+0.16 

1894  Dec.  3 

+  0.15 

+  0.13 

0.00 

-0.07 

-0.02 

+  0.06 

-0.04 

+  0.05 

-0.02 

-0.02 

+  0.03 

1898  Mar.  4 

-0.10 

0.00 

-0.13 

-0.04 

+  0.34 

+  0.07 

+  0.18 

+  0.03 

-0.01 

+  0.01 

+  0.03 

Apr.  5 

+  0.32 

+  0.18 

+  0.07 

-0.17 

-0.12 

-0.03 

+  0.16 

-0.09 

-0.06 

-0.19 

-0.13 

1899  Apr.  28 

+  0.16 

+  0.28 

+  0.16 

+  0.38 

+  0.72 

+0.54 

+  0.42 

+  0.58 

+  0.57 

+  0.06 

+  0.10 

May  23 

+  0.07 

+  0.19 

+  0.06 

+  0.12 

+  0.42 

+  0.36 

+  0.39 

+  0.35 

+  0.30 

+  0.02 

+  0.07 

June  16 

+  0.05 

+  0.01 

-0.12 

-0.28 

-0.17 

-0.10 

-0.20 

-0.06 

-0.15 

-0.19 

-0.19 

1902  July  28 

-0.03 

-0.08 

—  0.20 

-0.32 

0.00 

-0.01 

+  0.01 

+  0.03 

-0.08 

+  0.03 

+  0.04 

Aug.  5 

+  0.22 

+  0.11 

0.00 

+  0.13 

+  0.01 

+  0.(»5 

+  0.17 

+  0.02 

-0.04 

+  0.04 

+  0.06 

2.5 

+  0.58 

+  0..36 

+0.27 

+  0.20 

-0.07 

+  0.03 

+  0.22 

0.00 

-0.01 

-0.08 

-0.03 

Sept.  9 

+  0.61 

+  0.40 

+  0.31 

+  0.31 

-0.05 

+  0.18 

+  0.24 

0.00 

+  0.04 

-0.10 

-0.05 

Oct.  7 

+  0.07 

+  0.0.". 

-0.06 

+  0.04 

+  0.04 

-0.01 

+  0.03 

0.00 

+  0.10 

-0.03 

0.00 

Elements  used  for  the  ephemerides  from  which  the  above 
table  of  residuals  was  determined  : 

a  e  (o„  Wi  Epoch 


1 

47.906 

0.0073 

-  4  - 

+  2.466 

1892  Nov 

.1 

2 

47.945 

0.0036 

-18  30 

+  2.466 

"    " 

3 

48.060 

0.0041 

-18  30 

+  2.466 

"    " 

4 

48.065 

0.00501 

207  12 

+  2.4961 

.  i.    " 

5 

47.906 

0.0073 

-  4  - 

+  2.42 

"    " 

6 

47.958 

0.00426 

7  27 

+  2.4148 

"    " 

7 

47.921 

0.00769 

20  58 

+  2.42 

1897  Oct. 

1 

8 

47.932 

0.00542 

31  44 

+  2.4175 

1902  Aug. 

>7 

9 

47.917 

0.00578 

48  .54 

+  2.42052 

«    i< 

0 

47.921 

0.00768 

20  57 

+  2.414784 

1897  Oct. 

1 

1 

47.903 

0.00687 

22  12 

+  2.414784 

"    " 

Of  these  elements  4  and  5  are  those  of  Cohn  and  Tis- 
seraxd,  respectively.  No.  9  was  determined  by  computing 
corrections  to  8  from  the  residuals  given  by  8.  No.  3  was 
computed  from  the  same  observations  as  for  2,  with  the 
semi-diameter  of  Jupiter  increased  by  0".12,  in  an  endeavor 
to  get  an  agreement  between  theory  and  observation  in  the 
mean  distance. 

I  have  adopted  11  as  liiial,  so  far  as  the  present  obser- 
vations are  concerned. 

In  a  delicate  problem  of  this  kind,  it  is  useless  to  com- 
bine observations  by  different  observers,  for  some  of  the 


quantities  sought  will  be  masked  by  the  personalities  of 
the  observers.  It  is  therefore  best  to  depend  on  the  work 
of  one  observer  alone,  in  the  hope  that  the  consistency  of 
his  measures  may  in  the  end  more  nearly  attain  to  the 
truth. 

With  the  exception  of  the  measures  of  Hermann  Struve, 
there  are  almost  no  other  observations  but  my  own.  To 
avoid  the  effects  of  personal  equation,  it  has  appeared 
best  to  use  only  my  measures.  These  seem,  at  least,  to 
have  the  merit  of  consistency. 

It  seems  probable  that  by  this  time  the  motion  of  the 
orbit  can  be  determined  with  great  exactness  from  the 
observations  of  elongation  alone.  The  measures  of  1892 
are  sufficiently  numerous  and  exact  to  determine  the  longi- 
tude of  the  perijove  during  that  year  with  a  small  amount 
of  error.  In  the  last  few  j^ears  the  low  altitude  of  Jupiter, 
for  one  thing,  has  not  permitted  a  sufficient  number  of 
observations  of  elongation  distances  to  very  exactly  locate 
the  perijove.  It  is  probable  that  the  observations  which 
will  be  made  at  the  coming  opposition  of  Jujiiter  will  be 
enough  when  combined  with  those  of  last  year,  to  determine 
its  position  very  closely,  and  this  combined  with  the  po- 
sition in  1892  will  give  a  very  exact  value  for  the  motion. 
I  have  thought,  however,  that  after  all.  one  might  l>e  able 
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to  determine  the  apsidal  motion  closely  with  the  material 
already  on  hand.  With  this  point  in  view  the  following 
investigations  have  been  made. 

TissEKAxu  has  given  the  following  formulas  wliich  were 
used  by  him,  in  '•  Comptes  Rendiis,"  Tome  CXIX,  p.  583. 

For  the  computation  of  the  elongation  distances  : 


(1) 


7'    =  a  —  ae  sin  (^  —  0)^  —  ojji) 
r,  =  a  -^  ae  sin  (I  —  <Dq  —  wi^) 


For  the  eccentricity  and  the  longitude  of  the  perijove 


(2) 


=  !/ 


For  the  equations  of  condition : 


(3) 


r„  =  rt  —  X  sin  {l.  —  <a,t)  +  i/  cos  (l—w^t) 
r,  =  a  +  X  sin(Z— cuif!)  —  y  cos(/— w,  i) 


In  these  r„  and  r,  are  the  west  and  east  elongation  dis- 
tances, and 

I  =  the  geocentric  longitude  of  Jujnter. 
u)j  =  the  daily  motion  of  the  perijove. 
<ui,  =  the  longitude  of  the  perijove. 

t  =  the  time  interval  from  the  epoch. 

From  the  measures  of  1902  I  have  deduced  the  following 
elongation  distances.  In  all  these  the  satellite  was  to  the 
west  of  the  planet,  that  is,  preceding.  These  are  reduced 
to  the  distance  5.20. 


Observed 

Computed 

0-C 

1902  July 

28 

47''94 

47"96 

-0''02 

Aug. 

5 

48.07 

48.05 

+  0.02 

25 

48.18 

48.20 

-0.02 

Sept. 

9 

48.17 

48.18 

-0.01 

Oct. 

7 

47.92 

47.92 

0.00 

Though  these  measures  do  not  cover  a  revolution  of  the 
orbit  of  the  satellite,  I  have  thought  they  might  give  some 
idea  of  the  orbit,  and  especially  of  the  position  of  the  peri- 
jove. Adopting  the  epoch  1902  Aug.  27,  and  with  a  daily 
motion  of  +2°.42  the  following  equations  of  condition  were 
formed  by  the  aid  of  eq.  (3) : 

47^94  =  a  -0.44  a:  +0.90  y 
48.07  =  a  -0.09  J-  +1.00  y 
48.18  =  a  -t-0.79.T  +0.61  y 
48.17  =  a  +0.99  X  +0.14  i/ 
47.92  =  a  +0.47  a;  -0.88y 

These  give  the  following  normal  equations  : 

240.28  =  5.00  a  +1.72  x  +1.77  j/ 
82.85  =  1.72a  +2.02 x  -0.28 y 
85.18  =  1.77  «  -0.28  X  +2.97;/ 


and  these  give : 


X  =  +  0.221 
y  =  +  0.137 
a  =       47".932 


From  these 


Wo  =  31°  44'     Epoch  1902  August  27 
e  =  0.00542 


These  elements  closely  represent  the  observations  used, 
as  will  be  seen  by  the  residuals  (O  — C)  in  the  above  table. 

These  also  closely  represent  all  the  other  observations 
back  to  1892,  with  the  exception  of  those  of  1899.  as  will 
be  seen  by  the  following  table  of  residuals : 


1892  Sept. 

12 

+  0.01 

(Jet. 

8 
19 

-0.04 
—  0.25 

20 

+  0.14 

Nov. 

10 

+  0.09 

12 

-0.03 

1893  Sept. 

27 

-0.17 

Nov. 

12 

-0.01 

1893  Dec. 

10 

+  0.07 

1894  Dec. 

.S 

+  0.05 

1898  Mar. 

4 

+  0.03 

Apr. 

o 

-0.09 

1899  Apr. 

28 

+  0.58 

May 

23 

+0.35 

June 

10 

-O.OC 

The  position  of  the  perijove  as  given  by  this  last  orbit 
ought  to  enable  one  to  determine  the  motion  of  the  line  of 
apsides  very  closely;  for,  combining  it  with  Tisseraxd's 
position  in  1892.  there  will  be  an  interval  of  ten  years, 
which  ought  to  reduce  any  error  in  the  motion  so  determined 
to  a  small  quantity. 

The  longitude  of  the  perijove  from  this  orbit  is  +31°.7. 
If  we  combine  this  with  Tissekand's  value  we  shall  get  a 
daily  motion  of  the  orbit  of  +2°. 4200,  which  is  exactly  the 
value  derived  by  Tissekand.     It  is  equal  to  883°.9  a  year. 

At  the  suggestion  of  Mr.  W.  S.  Adams,  who  kindly  su]i- 
plied  me  with  the  formula  for  the  purpose,  equations  <if 
condition  were  formed  from  the  residuals  given  by  this  last 
orbit  for  a  determination  of  corrections  to  that  orbit.  In 
this  manner  the  elements  (No.  9)  of  the  preceding  table  of 
elements  were  obtained.  They  show  a  slight  improvement 
over  the  first  one,  but  I  do  not  feel  satisfied  with  the  results- 

With  the  above  value  of  the  apsidal  motion  (  +  2°.4200) 
and  the  following  observations,  assuming  the  epoch  1897 
Oct.  1,  a  new  set  of  elements  was  computed. 


1892  Sept. 

12 

48.11 

(4^ 

East 

Oct. 

8 

48.14 

(4) 

East 

19 

47.51 

(4) 

West 

26 

48.19 

(3) 

East 

Nov. 

10 

47.98 

(3) 

East 

12 

47.97 

(3) 

West 

1893  Sept. 

27 

47.67 

(3) 

East 

Nov. 

12 

47.74 

(2) 

East 

Dec. 

10 

48.12 

(1) 

East 

1894  Dec. 

3 

48.17 

(1) 

East 

1898  xMar. 

15 

48.12 

(3) 

East 

1899  Jlay 

6 

48.31 

(3) 

East 

June 

16 

48.03 

(1) 

East 

1902  Aug. 

1 

47.96 

(2) 

West 

Sept. 

1 

48.17 

(2) 

West 

Oct. 

7 

47.92 

(1) 

West 

Equations  of  condition  were  formed  from  these  obser- 
vations, which  by  the  method  of  least-squares  gave  the 
following  normal  equations : 

768.11  =  +16.00rt  +2.68x  +3.39?/ 
130.74  =  +  2.68  a  +7.09 x  -0.99 y 
163.28  =  +   3..39a  -0.99x  +8.86// 
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The  solution  of  these  gave 


X  =  +o.:;444 

y  =  4-0.1318 
a  =     47".921 

From  these,  by  eq.  (2), 

«,„  =  +20°  58'     Epoch  1897  Oct.  1 
e  =  0.007G9 

If  we  combine  the  longitudes  of  the  perijove  derived  from 
tlie  orbits  of  1897  Oct.  1  and  1902  Aug.  27,  we  get  a  daily 
motion  of  +2°. 4194  or  883°.7  annually. 

Reducing  the  two  values  of  the  longitude  of  the  perijove 
to  1892  Nov.  1,  using  a  motion  of  +2°.420O,  for  compari- 
son with  Tisserand's,  we  have 

Tisserand,  1892  Nov.  1     «„  =  -4° 

Orbit  of  1897  Oct.  1  ••  „)„  =  -3° 

Orbit  of  1902  Aug.  27  "  <«„  =   -4° 

The  close  agreement  of  the  middle  one  of  these  with  the 
others  is  doubtless  accidental.  The  first  and  last  should 
agree  of  course,  for  the  motion  was  derived  from  them. 

Several  different  sets  of  elements  were  computed  from 
the  above  observed  elongation  distances.  These  in  general 
gave  somewhat  different  results,  depending  on  the  assumed 
epoch  and  motion  of  the  orbit. 

Forming  equations  of  condition  from  the  same  .set  of 
observations  with  a  motion  of  882°  a  year,  and  the  epoch 
1892  Nov.  1 ,  the  following  normal  equations  resulted  : 


7G8.11  =  +16.00, 
168.19  =  +  3.48. 
123.45  =   +   2.57 , 


+  3.48  a;  +2.57  y 
+  6.43*  -0.28?/ 
-0.28  j;  +9.57y 


These  gave 


a  =  47".958 
.r  =  +  0.2024 
y  =  +   0.0265 

w„  =  +  7°.4     Epoch  1892  Nov.  1 
e  -=  0.00426 

With  (Oi  =  900°  a  year,  and  the  epoch  1897  Oct.  1,  equa- 
tions of  condition  were  formed  from  the  preceding  observa. 
tions,  from  which  resulted  the  following  normal  equations ; 

768'!ll  =  +16.00(1  +  0.45  .r  -5.79  2/ 

21.61  =  +   0.45(1  +10.51 .»;  -0.48  y 

-278.54  =  -   5.79  ((  -    1.28  a;  +5.48  iy 

The  solution  of  these  gave 

„  =  47".94l 
X  =  —  0.0046 
y  =  -   0.173 

w„  =  — 88°.5     Epoch  1897  Oct.  1 
e  =  0.00365 

If  this  value  of  «)„  were  carried  back  to  1892  Nov.  1  with 
the  motion  of  900°  a  year  its  longitude  would  be  — 18°.5, 
which  is  14°  from  Tisskkand's  value. 


As  will  be  seen  later  this  last  set  of  elements  is  badly  in- 
fluenced by  the  large  motion  of  the  perijove  which  was 
used. 

After  much  experimenting  I  decided  to  separate  some  of 
the  normal  observations  because  the  interval  between  them 
was  too  great  for  a  simple  mean  to  be  taken.  This  gave 
twenty  observations  of  elongation  distance.  The  obser- 
vations of  1898  and  1899  were  also  corrected  for  the  final 
value  of  the  micrometer  screw. 

I  also  decided  to  reject  my  motion  of  the  perijove,  and 
to  adopt  one  nearly  in  accord  with  the  value  derived  from 
a  comparison  with  Ti.ssekand's  elements,  and  my  elements 
from  the  observations  of  1902  alone. 

These  observations,  all  of  which  were  made  with  either 
the  36-inch  or  the  40-inch  refractors,  aie  given  in  the  fol- 
lowing table : 


Computed 

Kesiduals 

Date 

Observations 

Elong.  Dist. 

O-C 

1892  Sept 

12 

48*11 

(4) 

E 

48.'l29 

—  o'o2 

Oct. 

8 

48.14 

(-1) 

E 

48.214 

-0.07 

19 

47.51 

(■i) 

W 

47.680 

-0.17 

26 

48.19 

(3) 

E 

48.041 

+0.15 

Nov. 

10 

47.98 

(3) 

E 

47.829 

+0.15 

12 

47.97 

(3) 

W 

48.005 

-0.03 

1893  Sept 

27 

47.67 

(3) 

E 

47.885 

-0.21 

Nov. 

12 

47.74 

(2) 

E 

47.614 

+0.13 

Dec. 

10 

48.12 

(1) 

E 

47.958 

+  0.16 

1894  Dec. 

3 

48.17 

(1) 

E 

48.140 

+  0.03 

1898  Mar. 

4 

48.08 

(2) 

E 

48.048 

+  0.03 

Apr. 

5 

48.08 

(1) 

E 

48.210 

-0.13 

1899  Apr. 

28 

48.27 

(2) 

E 

48.167 

+  0.10 

Jlay 

23 

4S.27 

(1) 

E 

4.S.197 

+  0.07 

June 

16 

47.99 

(1) 

E 

4S.176 

-0.19 

1902  July 

28 

47.94 

(1) 

W 

47.896 

+  0.04 

Aug. 

5 

48.07 

(l) 

W 

48.012 

+  (».06 

25 

48.18 

(1) 

A\- 

4!S.213 

-0.03 

Sept. 

9 

48.17 

(1) 

W 

48.216 

-0.05 

Oct.- 

7 

47.92 

0) 

W 

47.924 

0.00 

Assuming  the  epoch  1897  Oct.  1,  which  falls  near  the 
middle  of  the  series,  and  adopting  a  motion  of  the  perijove 
of  +2.414784  daily,  which  I  have  found  by  experiment  to 
be  close  to  the  true  motion,  we  have  with  formula  (3)  tlie 
following  equations  of  condition  : 


48.11  =  a  +0.3G.r  +0.93// 
48.14  =  a  +1.00  3-  +0.05  i/ 
47.51  =  a  -0.91.r  +0.42// 
48.19  =  ,/  +0.73  a:  -0.68// 
47.98  =  a  +0.16  J  -0.99// 
47.97  =  a  -0.07  a-  +1.00"// 
47.67  =  //  +0.33  3-  —0.95// 
47.74  =  a  -0.99 f  +0-.11 '// 

48.12  =  (/  -0.22 a-  +0.98// 
48.17  =  ./  +0.93  a-  -0.37// 


48.08  =  a  +0.07.r  +1.00-/ 

48.08  =  ,/  +  1.00  a-  +0.08,/ 

48.27  =  a  +0.52  a-  +0.86// 

48.27  =  a  +1.00  J-  —0.08// 

47.99  =  //  +0.56.r  +0.83// 

47.94  =  «  -0.40 J-  +0.92",/ 

4.S.07  =  a  -0.05  a-  +1.00  V 

48.18  =  a  +0.74.r  +0.67  </ 

48.17  =  a  +1.00.r  +(».08  V 

47.92  =  ,/  +0.14  a-  -0.90 ",/ 


NoKMAL  Equations. 

9(;0.57  =  +20.00 «  +6.20  J-  +  4.96// 
299.(i2  =  +  6.20,7  +9.00  J-  —  0.97"// 
238. ()8  =  +   4.96,/  -0.97  .r  +11.06// 
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Solving  these  normal  equations  we  have 

X  =  +0.."0447 
y  =  +0.1243L' 
a  =   47".90;J.S 

«Uo  =  22°  12'     Epoch  1S'»7  Oct.  1 
e  =  0.0068655 

Tlie  smallness  of  the  residuals  and  the  nearly  equal  dis- 
tribution of  the  signs,  viz. :  —0.87  and  +0.82  are  very  sat- 
isfactory, and  would  seem  to  show  that  both  the  orbit  and 
its  motion  are  closely  determined. 

I  would  therefore  take  the  following  elements  and 
motion  as  the  finally  adopted  values  for  the  orbit  of  the 
satellite  from  the  elongation  distances  observed  by  me. 

Elements. 
Mean  distance  =  a  '      =  47".903  (at  A  5.20) 

Eccentricity       =  e  =  0.006866 

Longitude  of  perijove  =  w„        =  22°. 0    Epoch  1897  Oct.  1 
Daily  motion  of  the  line  of  apsides  =  w^  —  +  2°. 414784 
Annual     «  "  "  "  =  +82°.0 

Sidereal  period  of  the  satellite  =  0"  lli-  22'.6698  ±0'.0052 
Mean  daily  motion  in  the  orbit  =  722°.631636 
Mean  distance  from  theory        =  48".066 

The  above  values  for  the  mean  distance  of  the  satellite 
would  give 

From  the  observed  elongations  =  112300  miles 
From  the  theoretical  value         =  112670     " 

It  has  not  been  deemed  necessary  to  give  the  time  of  the 
epoch  closer  than  to  the  nearest  day. 

In  the  early  observations  of  the  satellite  I  pointed  out 
the  fact  that  the  measured  elongation  distances  showed  the 
orbit  to  be  eccentric.  Though  this  eccentricity  is  small,  it 
is  clearly  indicated  in  the  observations  ;  from  a  mere  glance 
at  these  one  can  form  some  idea  of  the  amount  of  the 
eccentricit}'. 

The  various  determinations  of  the  mean  distance  from 
my  observations  of  elongation  do  notvary  much  from  47".92. 
Assuming  this  value  we  can  deduce  a  close  approximation 
to  the  eccentricity  of  the  orbit  from  a  simple  inspection  of 
Ihe  measures;  taking  the  mean  of  all  the  elongation  dis- 
tances that  fall  below  47". 80,  and  of  all  those  that  fall 
above  48".10  as  containing  the  least  and  greatest  distances 
of  the  satellite,  the  eccentricity  will  be  determined  by  the 
formulas, 

r  r' 

f  =  1  -  -        ,        e  =  -  -1 
a  a 

The  observations  give 

r  =  47".606  (8  obs.)     ,     r'  =  48".215  (17  obs.) 

From  the  formulas  the  first  gives      e  =  0.00655  (wt.  8) 
the  second  gives      e  =  0.00610  (wt.  17) 

The  mean  of  these  is  e  =  0.00625 

This  is  in  good  accord  with  the  adopted  value. 
In  deriving  the  mean  distance  of  the  satellite  from  the 
measures,  the  personality  of  the  observer  enters,  and  no 


matter  how  consistent  his  measures  may  be  there  will  never- 
theless be  a  small  error  introduced  into  the  mean  distance. 
The  combination  of  measures  by  different  observers  may 
lessen  this  uncertainty,  and  if  there  are  very  few  observers, 
as  in  the  present  case,  it  may  increase  the  error. 

It  therefore  needs  some  method  to  determine  this  (juantitj- 
in  which  the  personality  of  the  observer  does  not  enter. 

Dr.  CoHN  has  shown  (A.N.  3404,  p.  322)  that  the  semi- 
major  axis  of  the  orbit  of  the  satellite  can  be  better 
determined  theoretically,  from  the  periodic  time,  by  the 
aid  of  Kepler's  third  law.  Pie  gives  the  following 
formula : 

^'•■(^'  =  i©'(7,-('*v)<'-^-»') 

where  (A)  is  the  semi-major  axis  of  the  satellite's  orbit. 

-  ^  the  mass  of  Jupiter  =  .^^j^  35  (Newco.mb;  A.X.  136, 
f^  pp.  133-134). 

(p)  =  5.20280,     The  mean  distance  of  Jupiter  from  the  sun. 
iV  =  59'.14,     The  mean  daih'  motion  of  the  earth. 
71  =  43356',     The  mean  daily  motion  of  the  satellite. 
SP  =  the  annual  motion  of  the  line  of  apsides  of  the  orbit 

in  minutes  of  arc. 
^m  =  0.00017,     The  sum  of  the  masses  of  the  four  old 
satellites,  according  to  Tisserand  (3Iec.  Cel.,  T.  IV, 
p.  81). 

n  in  the  second  parenthesis  of  the  above  formula  is 
multiplied  by  365.25. 

From  this  formula,  using  hP  =  911°. 7,  his  value  for  the 
motion  of  the  perijove.  Dr.  Cohn  gets  for  the  semi-major 
axis  of  the  orbit,  (A)  =  48".065. 

(An  actual  coniputation  seems  to  give  48".068  instead  of 
the  above  quantity.) 

If  the  annual  motion  is  assumed  to  be  900°  this  formula 
would  give  (A)  =  48".067 ;  or,  using  a  value  of  884°, 
(A)  =  48".066. 

From  these  it  will  be  seen  that  a  considerable  variation 
in  8P  has  very  little  effect  on  the  mean  distance.  Hence 
any  uncertaintj^  in  the  motion  of  the  line  of  apsides  will 
not  materially  affect  the  resulting  mean  distance. 

The  mean  distance  derived  from  this  formula  is  doubt- 
less very  exact,  and  is  to  be  preferred  to  the  value  derived 
from  the  elongation  distances.  The  difference  between 
theory  and  observation  in  this  case,  considering  the  diffi- 
culty of  the  object,  is  small.  This  difference  is  in  part  due 
to  errors  of  observation,  and  in  part  to  a  small  error,  per- 
haps, in  the  diameter  used  to  reduce  the  measures. 

I  have  long  ago  called  attention  (A.J.  325)  to  the  dis- 
cordance between  micrometer  and  heliometer  measures  of 
the  diameters  of  Jupiter,  and  have  shown  that  the  former 
are  uniformly  about  one  second  of  are  the  greater.  The 
values  for  the  diameters  of  the  planets  adopted  in  the 
almanacs  have  in  the  main  depended  on  heliometer  meas- 
ures.    In  the  case  of  Jupiter  it  would  be  fatal  to  use  such 
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"  standard  values  "  for  the  reduction  of  my  measures  of  this 
satellite,  for  they  would  make  a  discordance  some  four  or 
five  times  as  great  as  those  mentioned  above.  No  other 
diameters,  therefore,  but  those  determined  by  me  should 
ever  be  used  in  reducing  my  observations  of  this  satellite. 
This  statement  should  emphasize  the  necessity  of  the 
greatest  caution  in  the  reduction  of  such  observations  by 
the  indiscriminate  use  of  any  adopted  value  of  the 
diameter. 

The  inference  drawn  from  the  preceding  investigations 
would  lead  to  the  following  conclusion. 

The  daily  motion  of  the  hue  of  apsides  is  close  to  +882° 
a  year,  which  is  the  value  derived  by  Ti.sseraxd  from 
theoretical  considerations. 

Dr.  Cohn's  motion  of  the  orbit  is  evidently  very  much 
too  large. 


The  longitude  of  the  perijove  for  1892  Nov.  1  was  within 
a  few  degrees  of  360°,  which  is  also  very  near  the  value 
assigned  by  Tissekand.  The  position  assigned  it  by  Cobs 
must  therefore  be  in  error  pretty  nearly  a  half  revolution 
of  the  orbit. 

If  we  give  preference  to  the  theoretical  determination  of 
the  mean  distance,  it  will  be  very  close  to  4S".07  at  the 
mean  distance  of  Jupiter,  while  the  value  from  my  meas- 
ures will  be  47". 90,  which  is  almost  identical  with  the 
value  derived  by  Tisserand. 

From  the  close  representation  of  all  the  observations, 
extending  through  ten  years,  it  would  seem  that  the  orbit 
has  suffered  no  noticeable  change  in  the  interval. 

In  conclusion,  I  am  indebted  to  Mr.  W.  S.  Adams  for 

valuable  advice,  and  for  a  kindly  interest  in  the  subject. 

XOTE  :  An  elongation  distance  of  the  satellite  observed  1903 
July  21  gives  a  residual  from  elements  No.  11  of  — O'.O". 


or.servatioxs    of    the 
Fifth  S.\tellite  of  Jufiter  in  1902. 
Jul;/  21. 
Dist.  from    Distfrom 
pr.  limb         center  Comp. 

13"  39"  4.3'        28''l8         52."g9  3 

13  43  17         29.83         54.33  3 

13  47  40         79.90*       55.40  3 

1;;  53  12         31.76         56.26  3 

Position  angle  of  the  wires  =:  161°.6. 

•From  following  limb. 


Latitude  Measures  —  Cont 
From  pr.  From 

limb.  cent 


Jul;/  28. 
From  pr.         From 


limb. 


center 


12  41  47 
12  44  27 
12  47  15 
12  49  39 
12  51  49 
12  54  34 
12  56  52 

12  58  22 

13  0  19 
13  3  3 
13  5  51 
13  7  39 
13  14  20 
13  20  11 
13  24  43 

Position  an 

measures  =  1 

*  Measured 


72.62* 

73.09* 

24.66 

25.37 

25.86 

26.8(; 

26.80 

28.54 

76.95* 

78.77* 

29.86 

30.34 

32.19 

33.06 

33.81 


Comp. 

3 
3 
3 
3 
3 
3 


47.98 
48.44 
49.31 
50.02 
50.51 
51.51 

51.45  2 
53.19  2 
52.30  2 
54.12  3 
54.50  3 
54.99  2 
56.83  3 
57.71  3 

58.46  3 

;le  of  the  wires  at  the  longitude 
(51°.."). 
from  following  limb. 


13  56  25 

13  59  9 

14  1  45 
14  3  58 
14  7  20 
14  10  26 
14  14  9 
14  17  19 
14  20  27 
14  23  54 
14  27  25 
14  30  19 
14  33  10 
14  36  32 
14  39  34 
14  41  39 


36.64 
36.72 
36.15 
36.59 
36.52 
36.23 
36.44 
36.02 
35.07 
35.35 
35.39 
34.26 
34.05 
33.75 
32.93 
32.12 


61.29 
61.37 
60.80 
61.24 
61.17 
60.87 
61.09 
60.67 
59.71 
59.99 
60.04 
58.91 
58.70 
58.30 
57.58 
56.77 


Comp, 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


13  30 


Latitude  MnAstrnEs. 
From  South  Limb. 

S  '  I.!ltlllUlf. 

r         23.30        +0.19 


From  North 

Limb. 

1;!  33 

59 

22.88 
From  pr. 

+  0.23 
From 

5 

liiivb. 

center. 

Camp. 

13  .38 

00 

35.75 

60.40 

3 

13  41 

3 

3C).01 

60.66 

3 

13  43 

17 

36.10 

60.75 

3 

13  45 

32 

.36.26 

(i0.90 

3 

13  47 

24 

86.22* 

(;i.57 

2 

13  50 

24 

85.98- 

61.  .33 

.3 

13  52 

0 

36.68 

61.33 

0 

13  .54 

25 

.36.81 

61.46 

3 

Position  angle  of  the  wires  at  the  latitude 
measures  =  71°.  5. 

*  Pleasured  from  following  limb. 

Tl.MES    OF    ELONGATIO.V    COMPUTED    FROM 

the  Obsekvatioxs. 

Before  Elongation.  After  Elongation. 

13  58.8  13  59.9 

13  59.8  14     0.7 

13  59.7  13  59.7 

13  59.9  13  57.5 
Mean  13  59.3 


Mean  13  59.4 


Au;/.   21. 
From  pr.   From 
limb.    center.    Comp. 

10 '43'"  .58*  27.'l5  51. '63  3 

10  48  25  28.35  52.82  3 

10  52  30  29.56  54  03  3 

10  55   25  30.84  55.32  3 

10  58  29  31.73  55.21  3 

11  8  59  33.22  57.70  3 
11  12  11  33.27  57.74  3 
11  15  10  .35.16  59.64 
11  18  15  .34.51  58.99 
11  20  32  34.62  59.10 
11  23  43  3.5.31  59.78 
11  28  2  35..36  59.83 
11  31  43  36.19  60.66 
11  34  41  36.60  61.08 
11  3S  0  36.46  60.93 
11  41  31  36.63  61.11 
11  44  17  36.87  61.35 
11  47  .30  37.11  61.59     2 

Position  angle  of  the  wires  =  16i2°.8. 
.  In  these  observations  there  is  possibly  an 
uncertainty  of  one  minute  in  the  recorded 
times  caused  by  the  stopping  of  the  watch 
before  comparison  was  made  with  stanilard 
clock.  It  is  probable  the  error  will  be  only  a 
few  seconds  at  most. 

.■tu<j.   25. 
From  pr. 
limb. 


12  51  18 
12  56  16 

12  59  20 

13  9  36 
13  13 
13  15 
13  17 


1 
6 
13 
13  20  6 
13  22  43 
13  25  41 
13  27  28 
13  28  53 
13  31  26 
13  34  51 
13  38  32 
13  41  23 

Position  angle  of  the  w 
*  From  following  limb. 


A  lit/. 
From  pr. 
limb. 

35^51 

35.29 

36.11 

36.71 

87.25* 

87.46* 

36.74 

36.94 

36.80 

36.40 

36.19 

36.36 

3(!.79 

35.85 

35.88 

35.87 


From 
center. 

60.21 
.59.99 
60.81 
61.41 
62.54 
62.76 
62.03 
61.64 
61.51 
61.10 
60.89 
61.06 
(;i.49 
60..55 
60.58 
60.57 
ires  =  161°.0. 


Comp. 


10 

38 

42 

41 

26 

44 

.■i9 

47 

46 

49 

47 

53 

52 

5t\ 

42 

oO 

18 

2 

17 

5 

16 

8 

32 

11 

29 

15 

22 

18 

49 

22 

.30 

27 

27 

30 

14 

34 

42 

37 

17 

40 

14 

43 

24 

31.01 
31.67 
31.92 
32.52 
32.84 
33.37 
.34.27 
34.75 
34.66 
34.76 
35.24 
.3.5.61 
35.57 
36.33 
36.52 
36.89 
36.35 
36.58 
S().15 
36.10 
35.92 


From 
center. 

5.5.36 
56.03 
56.28 
56.88 
57.20 
57.73 
58.63 
59.10 
59.02 
59.12 
59.60 
59.97 
59.93 
60.69 
60.88 
61.25 
60.71 
60.94 
60.51 
60.46 
60.27 


Comp. 

3 
3 
3 
3' 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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Aug.  25- 

—  Cont. 

Sept.  9- 

-  Cont. 

From  Xorth 

Limb. 

From  pr. 

From 

From  pr. 

From 

11"  10" 

57 

22.28 

-O."07 

4 

h       II 

^ 

liinl). 

center. 

Comp. 

ii     1 

^ 

limb. 

center. 

(Jomp. 

11    12 

45 

23.05 

-0.84 

3 

11  45 

4g' 

35."60 

5<)"96 

3 

10     7 

26 

35.06 

58.V5 

;; 

11    14 

12 

22.85 

-0.64 

3 

11  48 

C 

35.36 

59.71 

3 

10     8 

52 

35.12 

58.81 

3 

11  51 

32 

34.47 

58.83 

3 

10  10 

48 

36.12 

59.81 

3 

From  South 

Limb. 

11  54 

44 

34.83 

59.19 

3 

10  12 

33 

35.18 

58.87 

3 

11    16 

43 

21.50 

—  ((.70 

3 

11    .-.7 

11 

34.08 

58.44 

3 

10  14 

35.71 

59.40 

3 

11   19 

38 

22.43 

+  0.22 

3 

IL'     <i 

II 

33.97 

58.33 

3 

10  15 

35 

35.16 

58.85 

3 

Position  angle  of  the  wires  at  the  latitude 

VJ     4 

54 

.■)3.73 

58.09 

4 

10  17 

17 

:i5.33 

5',).  02 

3 

measures  = 

7a°.8. 

Posit 

on  aiiL'le  of  tho 

vires  =  102° 

1. 

10  IS 

48 

35.32 

59.(11 

3 

The 

observations  were 

recorded 

by   .Mr. 

10  20 

10 

.■J5.45 

59.14 

3 

W.  S.  Adams. 

Sept. 

9. 

10  21 

29 

35.09 

3 

This 

date 

(Sept.  9)  was 

the  tenth 

anniver- 

From  pr. 

From 

58.79 

sary  of  the  discovery  of  the  Fifth  Satellite. 

^ 

limb. 

center. 

Comp. 

10  23 

11 

35.08 

58.77 

3 

h       II 

9  21 
9  24 
9  27 
9  30 
9  32 
9  34 
9  35 
9  37 
9  39 

27 
52 
45 
43 
46 
18 
48 
31 
34 

31.04 
31.06 
32.22 
32^43 
32.74 
33.55 
33.33 
33.37 
34.42 

54"73 
54.75 
55.92 
56.12 
56.43 
57.24 
57.02 
57.06 
58.11 

3 
3 
3 
3 
3 
3 
3 
3 
3 

10  24 
10  2(; 
10  27 
10  30 
10  34 
10  37 
10  38 
10  39 
10  40 

52 
28 
55 

7 
34 

1 
14 
28 
50 

34.62 
34.61 
34.60 
■34.38 
33.76 
33.16 
33.24 
33.29 
33.17 

58.31 
58.30 
58.29 
58.07 
57.45 
56.85 
56.93 
56.98 
56.86 

3 
3 

3 
3 
3 
3 
3 
3 
3 

Ii       n 

7  30 
7  33 
7  35 
7  38 

45 
20 
49 

27 

Oct.  7 

Satellite  and  p 

From  pr. 
limb. 

32.53 
32.98 
32.94 
32.24 

r.  limb. 

From 
center. 

54.47 
54.92 
54.88 
54.18 

Comp. 

3 
3 
3 
3 

9  42 
9  45 

18 

7 

34.56 
34.48 

58.25 
58.17 

3 
3 

10  42 
10  48 

53 
40 

32.31 
31.76 

56.00 
55.45 

4 
3 

7  41 
7  45 

21 
48 

32.38 
32.70     . 

54.32 
54.64 

3 
3 

9  47 
9  49 
9  50 
9  52 
9  54 

3G 
17 
50 
17 
21 

35.18 
34.85 
35.24 
34.85 
35.38 

58.87 
58.54 
58.93 
58.54 
59.08 

3 
3 
3 
3 
4 

10  50 
10  52 
10  55 
10  57 
10  59 

23 
32 
20 
17 
23 

31.42 
30.71 
30.19 
30.01 
29.47 

55.11 
54.40 
53.89 
53.70 
53.16 

3 
3 
3 
3 

4 

7  51 
7  54 

7  58 

8  2 
8     5 

28 
54 
17 
31 
4 

32.38 
31.79 
32.39 
31.88 
31.49 

54.32 
53.73 
54.33 
54.81 
53.43 

3 
3 
3 
3 
3 

9  58 

8 

35.72 

59.41 

3 

Posit 

ion  angle  of  the  wires  at  the  longitude 

8     7 

38 

30.86 

52.80 

3 

9  59 

44 

35.22 

58.91 

3 

measures  = 

162-'.7. 

8  10 

21 

30.49 

52.43 

3 

10     1 

20 

35.28 

58.97 

3 

8  13 

35 

30.93 

52.87 

3 

10     2 

44 

35.67 

59.37 

3 

I 

ATITUDE    MEASUKES. 

8  16 

57 

29.99 

51 .93 

3 

10     4 

25 

35.65 

59.34 

3 

h       I 

From  South  Limb. 

"                             l.:ititiiilp 

8  20 

18 

30.22 

52.16 

2 

10     (5 

7 

35.65 

59.35 

3 

11     5 

'l,^ 

22.02 

-0.19 

5 

Position  angle  of  the  wires  =  103° 

.3 

The  observations  were  carefully  plotted,  and  the  follow- 
ing elongation  distances  determined  from  tlie  curves  thus 
obtained  : 


Apparent 

A  5.20 

1902  July 

28 

61.35 

47.94 

Aug. 

5 

61.65 

48.07 

25 

60.92 

48.18 

Sept. 

9 

59.25 

48.17 

Oct. 

( 

54.58 

47.92 

In  all  the  observations  the  given  times  are  6''  0'"  slow  of 
Greenwich  M.T. 

The  satellite  was  preceding  in  every  case. 

The  measures  all  depend  itpon  a  value  for  the  micrometer 
screw  of  9".665. 

The  following  apparent  semi-diameters  of  Jvpitcr  were 
used  to  reduce  the  observations  : 


2.3.107 


Equatorial 

2  Julv 

21 

24.503 

28 

24.649 

Aug. 

5 

24.704 

21 

24.476 

25 

24.359 

Sept. 

9 

23.691 

Oct. 

7 

21.9.39 

?09 


They  are  derived  from  the  diameters  given  in  A.J.  325. 
The  following  are  corrections  to  the  paper  in  A.J.,  No. 
472.  Vol.  XX. 

p.  120,  in  the  table,  for  1S92  Nov.  11  read  Nov.  12 
p.  127,  for  1S98  March  6  U""  Se-  5«  read  ll"*  55">  5*. 
p.  128,  1898  April  26  in  the  three  last  distances, 


47.88 
47.47 
46.14 


read 


48.00 
47..59 
46.20 


p.  128,  1899  May  1,  first  observation    for    43".3S    rnad    42".38. 

p.  129,  1899  May  23,  at  IQi"  53"'  2»    for    43".70     read    32". 76. 

p.  128,  1898  April  26,  the  latitude  observations  are  one  measure 
each.  The  same  for  1899  April  IS,  except  the  first  obser- 
vation.    Same  for  April  20  for  the  latitude  observations. 

In  the  measures  of  1898  and  1899  a  preliminary  value  of 
the  micrometer  screw  was  used,  which  is  a  little  larger 
than  the  final  value.  The  measures  of  those  j-ears  should  al  1 
be  reduced  slightly  to  the  amount  of  0".07  to  60"  of  measured 
distance.  As  the  greatest  distance  measured  in  the  obser- 
vations was  about  32"  the  largest  corrections  will  not  amount 
to  0".04. 

Terkes  Observatory,  Williams  Bay,  Jl'i's.,  1003  June. 
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the  curve,  —  the  observed  differences  are  larger),  z/S^ ,  from 
the  comparison,  B  — Bkadlet. 


Systematically  the  Catalogue  of  627  Standard  Stars 
(A.J.  531-2)  is  independent  of  Bkadley's  determinations. 
These  did  not  enter  into  the  computations  until  it  became 
possible  to  ascertain  and  apply  with  care  the  approximate 
systematic  corrections  necessary  to  reduce  them  to  the  sys- 
tem, B.  So  far  as  the  right-ascensions  are  concerned,  this 
proved  to  be  a  matter  of  no  special  difficulty  ;  but  the  curve 
of  systematic  correction  for  the  declinations,  as  they  appear 
in  the  Catalogue  of  Auwers,  appears  to  be  tortuous  and  un- 
certain, in  relation  to  the  material  available  for  its  deter- 
mination. 

In  extending  the  system,  B,  to  the  computation  of  star- 
positions  upon  which  the  determinations  of  Bradlev  must 
exert  important  effects,  on  account  of  the  relatively  small 
weight  of  computed  /x  arising  from  the  observations  of  the 
nineteenth  centurj'  alone,  it  is  essential  to  know  the  syste- 
matic difference,  B  —  Bradley,  with  as  much  certaint}-  as 
possible :  otherwise,  the  system  of  pro])er  motions  for  the 
additional  stars,  in  certain  restricted  zones,  might  sensibly 
differ  from  that  defined  by  the  proper  motions  of  the  627 
primary  standards.  This  consideration  has  led  me  to  paj- 
far  more  attention  to  the  determination  of  JS,  for  Brad- 
ley's declinations  than  to  that  for  any  of  the  later  cata- 
logues. 

In  his  reduction  Auwers  assumed  that  the  errors  of 
graduation  were  materially  different  for  the  two  positions 
of  the  quadrant,  apparently  owing  to  suspected  increase  of 
deformations  in  its  plane  when  adjusted  for  observations 
south  of  the  zenith.  Apparently  these  deformations  were 
detected  by  means  of  the  transits  recorded  in  the  use  of 
the  quadrant.  In  my  preliminary  researches  upon  J&,  for 
P>RADLi;v'.s  declinations,  as  derived  from  comjjarison  with 
r>  for  stars  south  of  the  zenith,  my  attention  was  naturally 
directed  to  the  supposed  deformation  at  8°  of  zenith- 
distance  south.  Comparison  with  the  Standard  Catalogue 
did  not  confirm  this,  but  did  indicate  a  very  marked  posi- 
tive maximum  of  graduation  error  at  18°  of  zenith-distance 
south.  Other  anomalies  of  lesser  moment  appeared.  For 
illustration,  we  have  the  following  mean  differences  (from 


At  +44°  of  declination,  —0.15 
At  +36°  of  declination,  +2.60 
At  +27°  of  declination,  +0.60 

It  does  not  seem  possible  that  any  very  large  portion  of 
the  anomaly  at  +36°  can  be  attributed  either  to  relative 
systematic  error  in  B,  or  to  accumulation  of  casual  errors 
in  Bradley's  declinations.  It  seemed  desirable,  therefore, 
to  investigate  whether  the  observations  with  Bradley's 
quadrant  are  consistent  with  the  hypothesis  that  the  grad- 
uation error  remained  substantially  the  same  in  the  two 
positions  of  the  quadrant,  as  tested  by  the  Standard 
Catalogue. 

In  the  second  volume  of  Xeiie  Reduction  der  Bradley'' schen 
Beohachtiingen  (pp.  253-410)  Dr.  Auwers  has  published  the 
results  which  he  obtained  for  the  zenith-distances  meas- 
ured with  Bradley's  quadrant  in  the  two  positions,  North 
and  South.  If  we  combine  with  these  the  latitude,  51°  28' 
38".72,  adopted  bj-  Auwers,  we  shall  obtain  the  declinations 
as  they  result  without  the  application  of  any  correction  for 
error  of  graduation,  such  as  Auwers  has  adopted  (p.  252  of 
the  Xeue  Reduction,  Bd.  II).  This  course  was  adopted  in 
the  present  investigation,  and  the  declinations  so  obtained 
were  compared  witli  the  Catalogue  of  Standard  Stars,  B. 
The  results  of  this  comparison  are  exhibited  in  Table  I,  for 
quadrant  North  under  JA^.  in  the  first  section  of  the  table, 
and  for  quadrant  South,  in  the  second  section,  JA^.  The 
individual  results  have  been  collected  in  zones  of  3°  in 
width;  and  the  signs  of  the  differences,  B  — Bradley,  are 
given  as  applicable  to  altitudes,  considered  as  positive, 
whether  north  or  south.  Therefore,  for  quadrant  south 
and  for  quadr.int  north,  lower  culmination,  the  signs  repre- 
sent assumed  corrections,  JS, ,  to  Bradley's  declinations; 
and  they  correspond  to  —  J8,  for  declinations  observed  at 
upper  culmination. 

The  weights  here,  as  throughout,  are  comjnited  so  as  to 
correspond  to  ±0"..'>0  as  the  probable  error  of  the  unit.     In 
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general  inj'  computations  confirm  the  weights  computed  by 
Dr.  AuwER.s,  except  for  zenith-distances  greater  than  75°, 
for  which  my  adopted  weights  are  less. 

From  inspection  of  these  values  of  JA^.  and  //.(^  it  Ije- 
comes  evident  that  there  is  a  very  decided  systematic  differ- 
ence between  them  ;  though  the  sinuosities  in  the  trend  of 
the  two  sets  of  numbers  present  a  degree  of  resemblance 
which  is,  perhaps,  quite  as  good  as  could  have  been  antici- 
pated, in  view  of  the  paucity  of  observations  north  of  the 
zenith.  This  led  to  the  examination  of  the  hypothesis  that 
the  graduation-error,  proper,  remained  practically  invariable, 
and--tliat  the  systematic  difference  in  question  is  due  to 
other  causes.  It  seems  very  natural  to  suppose  that  the 
eccentricity  of  the  quadrant  might  have  been  materially 
different  in  the  two  positions,  either  through  wear  in  the 
pivot,  or  bearing,  upon  which  the  telescope  turned,  or 
through  differences  of  strain  in  the  fa.stenings  for  the  two 
positions.  This  difference  of  eccentricity  would  give  rise 
to  a  systematic  difference  of  the  form,  a:  sin^  +  y  cos^.  If 
the  wear  was  in  the  bearing,  rather  than  in  the  pivot,  we 
should  expect  y  to  be  much  smaller  than  x.  It  is  also  very 
probable  that  there  may  have  been  an  appreciable  alteration 
in  the  flexure  of  the  telescope  when  the  quadrant  was  set 
up  in  the  position,  south. 

The  researchesof  0LUFSEx(.4s<r.iVa(;/t.,Bd.  9,  pp.  86-106), 
and  those  of  Saffobd  (Astr. Papers,  Ain.Eph.,Yo\.  II,  Pt.  II) 
indicate  that  the  declinations  of  the  quadrant  after  Brad- 
ley's time  require  large  and  increasing  corrections.    From 


Safkokii's  results  (Table  X,  of  the  work  cited),  I  infer 
that,  for  stars  south  of  the  zenith,  the  part  of  this  cor- 
rection which  is  variable  with  the  zenith-distance,  and 
which  he  regarded  as  directly  proportional  to  the  zenith- 
distance  in  degrees,  was  roughly  +6"sini;  in  1767,  and 
+  12"  sin^  in  1787.  Tliese  corrections  are  large  enough  so 
that  no  great  part  of  them  can  possibly  be  attributed  to 
error  in  the  system,  B,,  (declinations  of  the  Amerieati 
Ephemeris,  1881-1900),  which  was  employed  as  standard. 
As  will  be  seen,  further  on,  the  progression  of  this  error  is 
remarkably  consistent  with  the  results  found  in  the  present 
investigation.  From  these  various  considerations,  as  well 
as  from  inspection  of  the  differences  themselves,  it  seemed 
best  to  assume  that  the  systematic  difference,  .J  ^-1^— J  J,., 
is  of  the  form,  k  +  x  sin^.  This  resulted  in  the  following 
expression  which  has  been  adopted. 

JA,-JA,.  =  +0".42  +  l".20  sinf 

The  determination  of  this  quantity  was  strengthened  by 
means  of  a  comparison.  Lower  minus  Upper  Culmination. 
Thus  there  is  an  alteration  in  the  sine  coefficient  of  +1".2 
in  approximately  four  years ;  while  from  Safford's  re- 
searches the  alteration  appeared  to  be  about  +6"  in 
twenty  years. 

Modifying  the  values  of  JA^  by  the  amount  of  this  cor- 
rection, we  have  the  numbers  in  the  first  section  of  Table  I. 
under  the  caption,  /J'Ag,, 
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\I!LE    1. 

OBSEKVEn 

CoRKECTiONs,  JA,   Applicable  to  B 

radley's 

Obsekved 

Altitudes. 

Quadrant 

North 

Quadr 

ant  Soutli 

M 

;an 

8 

** 

1' 

J.4.V 

JM.v 

8 

** 

P 

JAs 

8 

** 

P 

JA 

+  51.2 

16 

6.6 

+  013 

+  o"54 

+  51.7 

8 

2.6 

+oj:)7 

+  5]!s 

24 

9.2 

+0^41 

55.2 

4 

1.1 

+  0.82 

+  1.32 

4S.4 

9 

2.9 

-0.05 

48.2 

13 

4.0 

+  0.33 

57.4 

7 

2.1 

+  0.92 

+  1.47 

45.2 

9 

2.8 

+  1.14 

45.4 

16 

4.9 

+  1.2S 

60.4 

11 

2.2 

+  0.S9 

+  1.51 

42.4 

8 

1.5 

+  1.20 

42.5 

19 

3.7 

+  1.38 

63.6 

G 

1.6 

+  0.95 

+  1.62 

39.5 

12 

3.5 

+  2.12 

39.6 

18 

5.1 

+ 1.96 

66.4 

4 

0.8 

+  0.82 

+  1.55 

36.9 

8 

1.3 

+  2.11 

36.8 

21 

2.1 

+  1.89 

69.5 

0 

1.6 

+  1.73 

+  2.52 

33.2 

9 

1.9 

+  2.64 

33.3 

15 

3.5 

+  2.59 

72.1 

5 

1.0 

+  0.70 

+  1.54 

30.3 

9 

2.0 

+  0.78 

30.5 

14 

3.0 

+  1.04 

76.4 

5 

0.8 

+  0.S8 

+  1.91 

27.8 

21 

5.5 

+  1.20 

27.7 

26 

6.3 

+ 1 .29 

78.8 

2 

0.3 

+  0.03 

+  1.00 

24.3 

10 

2.8 

+  1.49 

24.2 

12 

3.1 

+  1.44 

81.8 

2 

0.4 

+  0.68 

+  1.71 

21.5 

21 

7.3 

+  1.41 

21.6 

23 

7.7 

+  1.42 

84.8 

2 

0.8 

+  0.17 

+  1.25 

18.7 

11 

2.8 

+  1.76 

18.6 

13 

3.6 

+  1.64 

87.6 

3 

1.1 

+  1.06 

+  2.19 

15.8 

14 

3.6 

+  2.15 

15.8 

17 

4.7 

+  2.16 

90.6 

4 

1.0 

+  0.44 

+  1.62 

12.7 

16 

5.0 

+  1.81 

12.6 

20 

6.0 

+  1.78 

93.5 

1 

0.5 

-1.11 

+  0.11 

9.2 

17 

5.6 

+  1.06 

9.2 

18 

6.1 

+  0.98 

95.8 

3 

1.4 

-0.32 

+  0.94 

6.5 

IS 

5.9 

+  1.30 

6.7 

21 

7.3 

+  1.23 

98.4 

1 

0.4 

-0.92 

-0.37 

3.8 

21 

5.8 

+  1.41 

3.9 

oo 

6.2 

+  1.29 

100.2 

6 

1.2 

-0.03 

+  1.29 

+   0.5 

7 

2.6 

+  0.87 

+   0.6 

13 

3.8 

+  1.00 

104.9 

1 

0.4 

-0.26 

+  1.12 

-  2.1 

12 

3.7 

+  1.92 

-   2.1 

13 

4.1 

+  1.84 

108.1 

7 

1.9 

+  0.11 

+  1.53 

5.4 

14 

4.3 

+  0.92 

5.2 

21 

6.2 

+  1.12 

111.2 

5 

l.S 

-0.26 

+  1.19 

8.6 

23 

7.6 

+  0.86 

8.5 

28 

9.4 

+  0.92 

114.9 

4 

1.0 

-0.07 

+  1.43 

11.1 

15 

3.8 

+  0.98 

11.3 

19 

4.8 

+  1.07 

117.8 

7 

2.1 

+  0.24 

+  1.76 

14.8 

oo 

6.2 

+  1.35 

14.9 

29 

8.3 

+  1.45 

120.4 

8 

2.8 

+  0.08 

+  1.62 

17.7 

oo 

6.2 

+  1.37 

176 

30 

9.0 

+  1.45 

123.4 

9 

2.3 

-0.47 

+  1.09 

20.5 

IS 

4.9 

+  0.85 

20.4 

o- 

7  2 

+  0.93 

127.3 

6 

1.7 

-0.92 

+0.67 

23.3 

17 

2.9 

+  0.60 

23.7 

23 

4.6 

+  0.63 

129.5 

7 

1.9 

-1.25 

+  0.35 

26.3 

14 

2.5 

+  0.38 

26.4 

21 

4.4 

+  0.37 

132.1 

11 

1.9 

-1.16 

+  0.45 

29.6 

15 

1.5 

—  0.21 

29.3 

26 

3.4 

+  0.16 

+  135.1 

11 

-1.58 

+  0.04 

-32.0 

9 

—  1.55 

-32.1 

20 

-0.56 
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The  quantities,  zl' Ay  and  JA^,  are  now  comparable,  ac- 
cording to  the  hypotheses  made.  In  fact,  the  differences, 
zJAg—J'A^,  show  rather  suspicious  accumulations  of  nega- 
tive signs  near  the  zenith  and  near  (55°  of  zenith-distance,  and 
of  positive  signs  near  45°  of  zenith-distance.  An  analysis 
of  the  comparison,  Lower  — Upper  Culmination,  does  not 
confirm  these  apparent  systematic  deviations  in  all  cases, 
however;  so  that  it  may  be  doubted  whether  they  are 
wholly  real.  Furthermore,  taking  the  differences  with 
their  weights,  the  probable  error  of  the  unit  comes  out, 
±0".32,  against  ±0".30,  the  predicted  probable  error. 
Considering  all  of  the  diificulties  of  the  case  this  is  probably 
an  agreement  as  close  as  ought  to  have  been  expected. 
The  representation  would  have  been  somewhat  better 
through  the  employment  of  the  full  formula,  /;+xsin^ 
+  >/  cos^  to  express  the  difference  between  the  two  po- 
sitions. Yet,  with  material  so  scanty,  it  might  prove 
dangerous  to  attempt  the  derivation  of  such  a  formula  of 
correction  for  observations  extending  over  less  than  a  quad- 
rant, since  a  chance  distribution  of  accidental  errors  at 
unlucky  points  might  lead  to  an  illusory  result. 

Accordingly,  the  means  by  weight  of  /I' Ay  and  /lA^  were 
computed  as  they  appear  in  the  last  section  of  Table  I. 
From  these  the  curve  of  correction,  JA,  was  drawn,  as  it 
appears  under  JA^  in  the  first  section  of  Table  II.  These 
mean  values  of  JA^  correspond  to  those  of  '-/Iz"  computed 


by  Dr.  Auwers,  as  published  in  the  second  volume  of  the 
Nene  Reduction  (p.  252).  The  correction  to  the  catalogue 
declinations  (Band  III)  is  found  from  the  equation: 

Ms  =  J  A,  -  Jz 
This  result  is  found  in  Table  II  under  the  caption  M, ; 
and  these  are  the  finally  adopted  corrections  for  the  decli- 
nations of  AuwEKs'  Catalogue.  It  is  scarcelj'  necessarj'  to 
remark  that  the  values  of  J  A,  for  stars,  quadrant  north,  at 
upper  culmination,  are  found  by  subtracting  the  values  of 
J  A,,  for  corresponding  zenith-distance  south,  from  the 
formula,  +0".42  -l-l".20  sin^;  and  for  those  at  lower  cul- 
mination this  formula  is  subtracted  from  corresponding 
values  of  AA,,  south. 

For  the  zenithal  arc,  +49°  to  +54°  of  declination,  as 
well  as  for  the  combination  of  lower  with  upper  culmi- 
nations, the  values  of  z/8a  applicable  to  the  catalogue  places 
must  be  computed  by  a  combination  of  the  several  values 
of  Mi ,  applicable  for  the  different  circumstances  of  obser- 
vation, in  proportion  to  the  weights  given  in  the  two  tables, 
pp.  22-33,  in  the  introduction  to  the  Catalogue. 

In  drawing  the  curve,  from  which  the  results  for  J  A  in 
Table  II  were  derived,  some  slight  modifications  were  in- 
troduced on  account  of  the  differences.  Lower— Upper 
Culmination,  taken  from  the  introduction  to  the  Catalogue 
(pp.  22-33),  Jz  having  been  first  removed  and  approximate 
values  of  dA,  introduced. 


Table  II.     Cokkectioxs,  zlAg  axd  z/Sj. 


j8, 


J8, 


Quadrant  South. 
8  J.l.  Jh, 


J8, 


J8, 


+  53 

-f  ().2(; 

+  0.48 

+  37 

+  1.93 

+  2.53 

+  19 

+  1.62 

+  1.44 

+  1 

+  1.36 

+  0.77 

-17 

+  1.43 

+  1.35 

52 

+  0.28 

+  0.48 

36 

+  2.00 

+  2.65 

18 

+  1.70 

+  1.19 

0 

+  1.37 

+0.60 

18 

+  1.33 

+  1.63 

51 

+  0.30 

+  0.48 

35 

+  2.06 

+  2.32 

17 

+  1.79 

+  0.93 

-  1 

+ 1 .37 

+  0.42 

19 

+  1.18 

+  1.69 

50 

+  0.33 

+  0.48 

34 

+  2.13 

+  2.09 

16 

+  1.88 

+  1.01 

2 

+  1.36 

+  0.36 

20 

+  1.02 

+  1.38 

49 

+  0.40 

+  0.52 

33 

+  2.17 

+  1.99 

15 

+  1.90 

+  1.26 

3 

+  1.32 

+0.53 

21 

+0.88 

+  1.16 

48 

+  0.54 

+  0.54 

32 

+  2.07 

+  1.97 

14 

+  1.80 

+  1.36 

4 

+  1.28 

+0.96 

22 

+  0.78 

+  1.05 

47 

+  0.79 

+  0.63 

31 

+  1.65 

+  1.71 

13 

+  1.68 

+  1.41 

5 

+  1.22 

+  1.24 

23 

+0.69 

+  0.93 

46 

+  1.01 

+  0.56 

.  30 

+  1.32 

+  1.44 

12 

+  1.52 

+  1.37 

6 

+  1.14 

+  1.-28 

24 

+  0.59 

+  0.73 

45 

+  1.17 

+  0..30 

29 

+  1.25 

+  1.14 

11 

+  1.33 

+  1.35 

7 

+  1.03 

+  1.19 

25 

+  0.50 

+0.60 

44.5 

+  1.24 

-0.03 

28 

+  1.24 

+  0.76 

in 

+ 1 .09 

+  1.29 

8 

+0.96 

+  1.07 

26 

+  0.42 

+  0.54 

44 

+  1.30 

-0.53 

27 

+  1.27 

+  0.52 

9 

+  1.00 

+  1.32 

9 

+  0.94 

+  1.00 

27 

+  0.33 

+  0.59 

43.0 

+  1.3G 

-0.53 

26 

+  1.31 

+  0.74 

8 

+  1.02 

+  1.22 

10 

+  0.9S 

+  0.98 

28 

+0.26 

+  0.87 

43 

+  1.42 

+  0.05 

25 

+  1.36 

+ 1 .03 

7 

+  1.06 

+  1.06 

11 

+  1.05 

+  0.99 

29 

+  0.18 

+  1.38 

42 

+  1.52 

+  0.92 

24 

+  1.41 

+  1.45 

6 

+  1.12 

+  0.92 

12 

+  1.14 

+  1.04 

30 

+  0.10 

^o  oo 

41 

+  i.(;3 

+  1.34 

2. J 

+  1.45 

+  I.(i9 

a 

+  1.17 

+  0.72 

13 

+  1.23 

+  1.11 

31 

+  0.03 

+  3.02 

40 

+  1.72 

-1-1.59 

22 

+  1.48 

+  1.61 

4 

+  1.24 

+0.64 

14 

+  1.34 

+  1.19 

-32 

-0.05 

+  3.10 

.Sil 

+  1.79 

+  1.86 

21 

+  1.52 

+  1.52 

3 

+  1.29 

+0.67 

15 

+  1.42 

+  1.24 

+  38 

+ 1 .86 

+  2.24 

+  20 

+  1.56 

+  1.48 

+  2 
iiailraut 

+  i.;u 

Xorlh  — 

+  0.76 
\l)ove  Pol 

-16 

+  1.45 

+  1.25 

+  49 

+  0.13 

—  0.02 

+  58 

-0.()2 

-0.10 

+  67 

-1.26 

-1.14 

+  76 

-0.35 

+  0.25 

+  85 

-0.62 

-0.37 

50 

+  0.13 

—  0.01 

59 

-0.72 

+0.30 

68 

-1.30 

-0.94 

77 

-0.37 

+  0.10 

86 

-  0.69 

-0.26 

51 

+  0.13 

+  0.01 

(!0 

-0.82 

—  0.03 

(;9 

-  1 .35 

-0.81 

78 

-0.40 

-0.08 

87 

-(».7C. 

-0.33 

52 

+  0.13 

+  0.03 

61 

—  0.90 

-0.47 

70 

-1.37 

—  0.75 

79 

-0.44 

-0.35 

88 

-0.77 

-0.44 

53 

+  0.12 

-1-  0.05 

62 

—  0.99 

-0.70 

71 

- 1.25 

-0.70 

80 

-0.46 

-0.48 

89 

—  0.65 

-0.44 

54 

+  l>.()7 

+  0.0,3 

6;! 

-1.06 

-0.78 

72 

-0.81 

-0.39 

81 

-0.47 

-0.45 

+90 

-0.51 

-0.40 

55 

—  0.05 

-0.02 

64 

-1.11 

-0.86 

73 

-0.46 

-0.13 

82 

-0.49 

-0.43 

5() 

-0.28 

-0.15 

65 

-1.16 

- 1 .00 

74 

-0.37 

-0.0 1 

83 

-0.51 

-0.44 

+  57 

-0.48 

-0.19 

+  66 

-1.21 

-1.11 

+  75 

-0.34 

+  0.15 

+84 

—0.55 

-0.45 
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tiuadrant 

South  — 

Below  PoU 

s 

J.-l. 

JS, 

8 

J  A, 

J&s 

S 

JA, 

J&. 

8 

J  A, 

J6> 

a 

J.l, 

J8, 

+  4.->' 

-  r.(>7 

+o".io 

+  55° 

-0J9 

+  o'.38 

+  64° 

-0^27 

—  0.67 

+  73° 

-0."l3 

-0*61 

+  82° 

-0."]2 

-o'30 

47 

-1.51 

-0.01 

56 

-0.69 

+  0.37 

65 

-0.36 

-0.81 

74 

—  0.08 

-0.73 

83 

-o.n; 

-0.17 

48 

-1.43 

-0.10 

57 

-0.54 

+  0.41 

66 

-0.44 

-0.92 

75 

-0.02 

-0.73 

84 

—  0.20 

-0.06 

49 

-1.34 

-0.05 

58 

-0.37 

+  0.44 

67 

-0.50 

-0.98 

76 

.00 

-0.64 

85 

—  0.23 

+  0.05 

50 

-1.27 

.00 

59 

-0.21 

+  0.27 

68 

-0.53 

—  1.00 

77 

+  0.01 

-0.52 

86 

-0.23 

+  0.13 

51 

-1.17 

+  0.10 

60 

-0.11 

-0.03 

69 

—  0.49 

-0.94 

78 

+  0.01 

-0.40 

87 

-0.13 

+  0.17 

52 

-1.09 

+  0.20 

61 

-0.08 

-0.23 

70 

-0.41 

-0.82 

79 

+  0.01 

-0.36 

88 

+  0.13 

+  0.28 

5:5 

-0.99 

+  0.28 

62 

-0.10 

-0.39 

71 

-0.29 

-0.66 

SO 

-0.03 

-0.37 

89 

+  0.43 

+  (•.42 

+  54 

—  ().S9 

+  0.3G 

+63 

-0.17 

-0.53 

+  72 

—0.20 

-0.57 

+  81 

-0.06 

-0.37 

+  90 

+  0.51 

+  0.40 

111  fact,  the  drawing  of  the  curve  was  a  process  of  trial 
anfl  error,  in  successive  approximations,  until  what  was 
deemed  a  fairly  satisfactory  representation  of  the  various 
classes  of  material  was  obtained. 

The  curve  for  .JA  was  not  usually  pushed  to  the  indi- 
cated maxima  and  minima  of  the  residuals,  since  it  was 
felt  that  some  of  these  might  be  due  to  unlucky  combi- 
nations of  residuals  having  like  signs. 

In  the  subjoined  statement  appears  a  digest  of  the  com- 
parison, Lower  winns  Upper  Culmination.  In  the  first 
column,  following  the  argument,  number  of  stars  concerned, 
and  the  weight,  are  given  the  means  of  "u  —  o"  taken  from 
the  tables  of  Auwers  (pp.  24-33,  Bd.  Ill),  and  in  the  last 
column  those  which  arise  from  the  present  discussion  after 
taking  into  account  JSt,  as  it  appears  in  Table  II. 

Lower  mhiiis  Uri'HK  Culmination. 


+  46.5 

44 

(3.8) 

-0.14 

-0.64 

49.5 

54 

6.4 

-0.05 

-0.36 

52.5 

34 

5.4 

-0.06 

.00 

55. o 

45 

5.2 

-0.10 

+  0.37 

58.5 

49 

5.6 

-0.48 

-0.17 

61.5 

37 

4.5 

-0.19 

+  11.02 

64.5 

33 

3.9 

+  0.11 

+o.;!i 

67.5 

20 

2.4 

+  0.48 

+  0.54 

70.5 

19 

2.3 

-0.23 

-0.2S 

73.5 

14 

1.6 

+  0.39 

-O.OS 

76.5 

15 

1.5 

+  0.37 

-0.39 

79.5 

12 

1.2 

+  0.14 

+0.02 

82.5 

13 

1.1 

-0.44 

-0.32 

85.5 

10 

1.3 

+  0.62 

+  0.95 

+  88.5 

4 

0.6 

-1.13 

-0.40 

It  will  be  seen  that  the  amended  results  indicate  an 
agreement  between  the  declinations  from  Lower  and  Upper 
Culmination,  respectively,  as  good  as  could  have  been  an- 
ticipated, perhaps,  when  all  the  difficulties  are  considered. 
An  intimate  study  of  the  details  of  this  comparison  confirms 
me  in  the  opinion  that  the  graduation-error  of  the  quad- 
rant was  substantially  the  same  in  the  two  positions ; 
though  it  is  not  at  all  improbable  that  very  small  differ- 
ences might  have  existed. 

Before  leaving  this  part  of  the  subject,  certain  remarks 
may  not  be  out  of  place. 


It  should  be  recalled  that,  in  the  first  use  of  the  quad- 
rant, north,  the  observed  zenith-distances  may  have  been 
systematically  different  from  those  determined  after  the 
new  balancing  of  the  quadrant,  Dec.  2,  1750. 

Some  part  of  the  differences,  JAg — ^'A/,,  which  are  ex- 
pressed in  the  formula  +0".42  +1".20  sin  (;,  may  be  due  to 
systematic  errors,  in  the  system,  B ;  but  I  should  be  greatly 
surprised  if  it  should  turn  out  that  half  of  this  difference 
shall  hereafter  be  found  chargeable  to  this  source. 

There  are  evidences  of  outstanding  systematic  differ- 
ences between  the  corrections  for  zenith-distances,  north 
and  south,  as  reconciled  in  this  discussion,  which  are 
rather  larger  than  the  weights  would  lead  one  to  anticipate. 
Allusion  to  these  has  already  been  made.  The  difference 
at  large  zenith-distances  may  easily  be  due  to  a  real  differ- 
ence in  the  refractions  at  low  altitudes,  north  and  south. 
Between  declinations,  57°  s.p.  and  73°  s.p.,  also,  there  is  a 
considerable  discordance  between  observed  and  computed 
JA^.  This  amounts  to  +0".28  (weight,  9.6),  in  the  sense 
of  a  further  correction  for  the  declinations  corrected  ac- 
cording to  Table  II.  But  if  the  curve  of  JA  had  been 
deflected  at  this  point  to  produce  a  better  agreement  be- 
tween computed,  J  A,  and  observed,  z/.-J^,  then  a  larger  dis- 
crepancy in  L— U  would  have  resulted.  The  mean  value 
of  L  — U  for  the  zone  in  question  is  only  +0".05  (weight, 
18.7),  to  be  sure,  and  this  might  readily  admit  of  some 
increase;  but  in  the  zone,  +60°  s.p.  to  69°  s.p.,  where  this 
increase  could  most  naturally  be  made,  the  corresponding 
value  of  L  — U  is  already  +0".24  (weight,  10.8),  and  this 
would  be  increased  by  any  further  reduction  of  the  dis- 
cordance in  question.  It  thus  appears  that  the  standard 
stars  for  this  zone  do  not  very  well  represent  the  gener- 
ality of  Bradley's  quadrant  observations  within  those 
limits. 

In  order  to  show  clearlj*  what  outstanding  discrepancies 
exist  when  the  assumption  is  made,  as  in  this  discussion, 
that  the  error  of  graduation  remained  practically  the  same 
for  the  two  positions  of  the  quadrant,  we  have  the  follow- 
ing schedule.  The  residuals  are  gathered  in  general  means, 
including  both  Lower  and  Upj)er  Culminations.  If,  now, 
we  suppose  that  the  adopted  corrections  of  Table  II  have 
been  apiplied  to  the  catalogue  declinations,  comparison  of 
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the  Standard  Catalogue  witli  tlie  observations  of  quadrant 
north,  alone,  indicates  that  further  mean  corrections  to  the 
catalogue  declinations  are  required  as  follows : 

Outstanding  Disckkpaxcies. 
8  /)  J'Ss 


51.0 

8.5 

-0.01 

55.7 

7.L' 

-0.16 

(51.1 

8.7 

+  0.17 

G7.9 

5."_' 

+  0.09 

73.1 

4.1 

+0.04 

80.3 

2:.i 

-0.13 

8G.6 

4.8 

-0.13 

So  far  as  these  quantities  are  concerned,  they  do  not 
appear  to  interpose  any  very  practical  objection  to  the 
adoption  of  the  corrections  contained  in  Table  II. 

For  quadrant  south  the  adopted  mean  curve  of  correction 
represents  the  observations  substantially  as  well  as  would 
a  curve  based  upon  southern  observations  alone. 

This  investigation  was  undertaken  more  with  the  object 
of  ascertaining  the  best  practicable  systematic  corrections 
for  the  Bradley-Auwers  star  positions,  rather  than  for 
the  purpose  of  deciding  upon  the  peculiarities  of  Bradley's 
quadrant.  Yet  it  seems  verj-  probable  that  the  deductions 
set  forth  in  the  foregoing  brief  abstract  have  some  resem- 
blance to  the  actual  facts  concerning  the  graduation-error 
of  the  Bird  quadrant.  The  somewhat  regular  recurrence 
of  large  positive  corrections  at  zenith-distances  of  approxi- 
mately 18°,  36°,  54°  and  67°,  wears  rather  a  suspicious 
aspect,  as  pointing  to  some  systematic  source  in  the  method 
of  marking  the  graduations  (or  in  fa.stening  the  quadrant 
to  the  pier).  Tliese  maximum  points  seem  to  be  quite  con- 
sistently indicated  in  the  observations  both  of  quadrant 
north  and  quadrant  south,  as  exhibited  in  Table  I.  If, 
after  removal  of  such  errors,  as  collimatiou,  eccentricity, 
tlftxure  and  error  in  adopted  refraction,  the  quantities,  JA, 
are  to  be  considered  as  mainly  due  to  errors  of  graduation, 
it  can  scarcely  be  objected  to  them  that  they  are  exception- 
ally large.  It  may  be  doubted  whether  a  single  quadrant, 
under  a  single  microscope,  of  many  of  the  modern  transit- 
circles  would  sliow  much  more  perfect  graduation. 

Adopting  the  values  of  J  J,  as  exhibited  in  the  foregoing, 
the  declinations  were  next  tested  for  sj'steniatic  errors  of 
the  form,  .J8, .  For  this  purpose  the  declinations,  quadrant 
north,  were  divided  into  two  series,  the  first  containing  all 
observations  at  zenith-distances  less  than  5S°.5(decl.70''s.p.), 
and  the  second,  all  observations  from  declination,  70°  s.p. 
to  47°  s.p.  In  a  similar  way  the  observations,  quadrant 
south,  were  divided  into  two  series,  of  which  the  common 
bo\indaryis  the  equator.  Table  III  represents  the  results, 
together  with  the  means  for  quadrant  north  and  south, 
respectively. 


Table  III.     Observed  Cobbections  foe  JS. 


-30°  to  0° 
p  JL 


0°  to  +54'' 


JS. 


-30°  to  +54° 
p  J5. 


0.5 

2.1 

-0..53 

0.5 

3.1 

+0.37 

0.5 

5.2 

+  0.01 

1.4 

0.7 

+  0.14 

1.5 

4.2 

+  0.07 

1.5 

4.9 

+  0.08 

2.4 

1.0 

-0.20 

2.6 

4.2 

-0.01 

2.5 

5.2 

-0.05 

3.6 

1.7 

-0..38 

3.5 

5.3 

-0.28 

3.5 

7.0 

-0.30 

4.7 

1.3 

+  0..30 

4.6 

3.8 

+  0.33 

4.6 

5.1 

+  0.32 

5.3 

2  2 

+  0.04 

5.4 

2.1 

-0.11 

5.3 

4.3 

-0.04 

6.6 

i!o 

-0.09 

6.3 

3.2 

-0.06 

6.4 

4.2 

-0.07 

7.9 

0.2 

+  1.12 

7.4 

2.5 

+0.44 

7.4 

2.7 

+0.48 

8.5 

2.4 

-0.01 

8.5 

2.4 

-0.01 

9.6 

0.5 

+  0.94 

9.6 

3.2 

+  0.11 

9.6 

3.7 

+  0.22 

10.7 

1.0 

+  0.55 

10.4 

2.8 

+  0.10 

10.5 

3.8 

+  0.17 

11.5 

1.0 

+0..57 

11.4 

4.4 

+  0.29 

11.4 

5.4 

+0.34 

12.6 

1.6 

-0.39 

12.4 

2.0 

-0.56 

12.5 

3.6 

-0.48 

13.4 

1.4 

-0.13 

13.5 

1.7 

-0.46 

13.5 

3.1 

-0.31 

14.6 

2.8 

-0.74 

14.5 

1.8 

-0.57 

14.6 

4.6 

-0.68 

15.5 

3.7 

-0.24 

15.4 

3.0 

-0.19 

15.5 

6.7 

-0.21 

16.4 

2.3 

+  0.15 

16.5 

1.7 

-0.05 

16.4 

4.0 

+  0.03 

17.5 

2.4 

+  0.09 

17.5 

4.0 

-0.36 

17.5 

6.4 

-0.19 

18.G 

1.7 

+  0.08 

18.7 

2.1 

-0.02 

18.7 

3.8 

-0.06 

19.5 

1.8 

+0.60 

19.5 

4.0 

+  0.05 

19.5 

5.8 

+0.22 

20.4 

3.7 

+0.67 

20.5 

3.7 

+  0.29 

20.5 

7.4 

+  0.48 

21.5 

3.7 

-0.12 

21.4 

2.0 

+0.46 

21.5 

5.7 

+0.08 

22.5 

3.0 

-0.14 

22.6 

2.5 

.00 

22.5 

5.5 

+  0.06 

2.3.5 

3.4 

-0.10 

23.5 

2.2 

+  0.09 

23.5 

5.6 

-0.03 

+■49°  to 


0.3 

1.9 

3.6 

5.9 

8.1 

9.8 

12.2 

13.9 

16.0 

17.9 

19.7 

21.8 


4.2 
1.8 
0.9 
1.9 
1.4 
2.1 


1.3 


3.4 
3.1 


iO°  s.p. 
J8. 

-o".12 
+  0.39 
-0-56 
+  0.01 
+  0.69 
+  0.51 
+  0.09 
+  0.51 
+  0.11 
+  0.06 
-0.10 
-0.69 


70°  s.p.  to  46°  s.p. 
I  p  JS, 

+  0*26 
—0.35 
-0.77 
+  0.20 
+0.11 
+0.47 
+  0.38 
-0.38 
-0.26 


49°  to  46°  s.p. 
1  p  J8. 


0.0 

1.5 

3.8 

6.0 

7.8 

9.7 

12  2 

13.8 

16.2 


0.7 
0.6 
1.0 
2.9 
2.3 
1.3 
0.8 
1.3 
0.7 


20.4     0.5     -0.47 
22.2     1.5     —0.71 


0.3 

1.8 

3.7 

6.0 

7.9 

9.8 

12.2 

13.9 

16.0 

17.9 

19.8 

21.9 


4.9 
2.4 
1.9 
4.8 
3.7 
3.4 
4.5 
3.5 
2.0 
2  7 
3.9 
4.6 


-0.09 
+  0.20 
—  0.67 
+  0.13 
+  0.33 
+0.50 
+  0.13 
+  0.18 
+  0.03 
+  0.04 
-0.14 
-0.70 


For  the  declinations  south  of  the  zenith  the  general 
agreement  of  the  mean  values  of  JS.  in  the  two  divisions 
seems  to  warrant  the  consolidation  of  them  into  a  single 
series.  For  the  representation  of  this  series  of  observed 
corrections  I  adopt, 

+  0".08  sin.t  +0".07  cos  «  —  0".25  sin2«  -0".05  cos2rt 

For  the  observations,  quadrant  north,  tlie  material  is 
much  more  scant}'  than  for  quadrant  south  ;  and  there 
seem  to  be  some  anomalies  in  the  observations  at  great 
zenith-distances,  to  which  Ai'wers  has  made  allusion  in 
the  introduction  to  his  Catalogue  (pp.  34-35).  On  this 
point  Dr.  ArwEus  remarks  (p.  35) :  ''Die  letzte  Colunuie 
der  obigen  Tafel,  welche  die  niittleren  8,  —  8„  ftlr  die  tieferen 
Sterne  enthiilt.  wilrde  eincn  Fehler  von  jilhrlicher  Periode 
andeuteu,  aber  die  niiheren  Circunipolarsterne  schliessen 
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eiiie  solclie  Aniiahiiie  direct  au.s ;  die  Storun<!;,  auf  welclie 
iiDcli  bei  der  Ableitiing  dcr  I'olliolie  zui-flfk'/iikouinien  seiii 
wird,  sclieiiit  vielinohr  aiif  (Mii/.elne  Abschnitte  der  Beo- 
baclituiigen  bei  Quadrant  Nord  besobr.'Uikt  geweseii  zu  seiii." 
This  may  serve  to  account  for  some  of  tlie  other  anomalies 
ah'eady  noticed.  I  have,  therefore,  considered  it  advisable 
to  ajijily  a  uniform  correction,  JS^,  to  all  observations, 
quadrant  ncuth,  derived  from  the  combined  result  of  the 
two  divisions.     I  have  adopted  the  correction, 

+  0".0S  sin  a  -0".30  cos  «, 

ciupli»ying  the  argument,  true  riglit-ascension,  whether 
the  star  was  observed  above,  or  below  the  pole.  In  a  some- 
what summary  analysis  of  the  material  I  have  also  found  as 
an  expression  for  this  correction,  +0".08  sin  a  — 0".20  cos« 
+  (0".01  sin  «  —  0".12  eos(4)  tgS  ;  but  this  improves  the 
representation  very  little,  and  does  not  wholly  remove  the 
anomalies  found  in  the  observations  beyond  75°  of  zenith- 
distance.  In  the  course  of  this  discussion  I  compared  the 
declinations  observed,  quadrant  south,  with  those  which 
were  observed,  quadrant  north,  below  the  pole,  from  +45° 
to  54°  23'  of  declination.  The  column  next  the  last  in 
the  subjoined  table  contains  the  difference,  L  — U,  uncor- 
rected   for   z/8.,,    and  the  last  cohimn  contains  the   same 


corrected  for  tlie  combined  values  of  //S, ,  quatlrant  north 
and  south. 


It 

P 

I.— r 

I,-li(corra.) 

O.fl 

0.0 

+  L47 

+ 1''.22 

2.0 

1.2 

-Kl.f)4 

+  0.54 

3.8 

1.9 

-HO.Ki 

+  0.15 

5.7 

0.7 

-0.17 

-0.20 

fi.5 

0.5 

-2.37 

-2.41 

9.9 

0.2 

-1-0.13 

+  0.27 

12.0 

0.2 

-0.2C 

+  0.15 

13.7 

0.3 

-0.81 

-0.31 

17.3 

0.9 

-1.03 

-0.97 

20.0 

1.8 

+  0.35 

-0.05 

21.8 

0.7 

-H.29 

+  0.80 

This  shows  the  nature  of  the  anomalies,  and  exhibits  the 
improvement  produced  by  the  adoption  of  the  formulas  of 
correction  J8^ .  Probably  it  would  be  better  to  assign 
weight  zero  for  observations  liaving  zenith-distance  greater 
than  80°.  There  appears  to  be  no  particular  trace  of  these 
anomalies  for  zenith-distances  less  than  75°. 

The  corrections  contained  in  Table  II,  together  with  the 
adopted  values  of  z/8^,  are  now  in  use  at  this  observatory, 
in  the  com])utations  for  extension  of  the  Catalogue  of  627 
Standard  Stars  to  include  a  much  greater  number  of  what 
might  be  termed  secondary  standard  stars. 


ELEMENTS   AND   EPHEMEKIS   OF   COMET  c  1903  {nouuictj.r),^ 

y,Y  II.   U.  MORGAN  AND  KLKANOK  A.   LAMSON. 

[Communicateil  by  Capt.  C.  M.  Cuestei'.,  U.S.X.,  Superintenilent  Naval  Observatory.] 

The  following  elements  were  deduced  from  three  normal 
places  derived  from  observations  made  at  Lick  and  Wash- 
ington Observatories,  on  June  22,  23,  24,  30,  July  1,  2,  7, 
8  and  9  : 

Elements. 
T  =  1903  August  27.00410  Gr.  iM.T. 

TT  =     00°  52'  34" 

Q,  =  293  32  53 

(•  =     84  59  50 

q  =  0.3296C 

Residuals  (0  — C)  :     cos/3  J\  =  +3".7  ,  /Jfi  =  +2".l 

Helioientimc  Cookdinates. 

X  =  r[9.()1006l]  sin  (206°  Q  46  +  v) 
y  =  r  [9.962 176]  sin  (  13  53  44  +  ?;) 
z  =  r[9.99S661]  sin  (105  51   40  +  ,;) 


Ephemeris. 

1903  G.M.T. 

u 

S 

log  A 

Liglit 

July  28.5 

12 

17 

36 

+  57 

m'.2 

9.6446 

8.8 

Aug.    1.5 

11 

43 

42 

51 

18.5 

9.7264 

7.4 

5.5 

11 

22 

55 

46 

40.1 

9.7991 

6.7 

9.5 

11 

7 

32 

42 

50.7 

9.8635 

6.4 

13.5 

10 

54 

25 

39 

24.5 

9.9208 

6.7 

17.5 

10 

42 

3 

35 

58.0 

9.9722 

7.3 

21.5 

10 

29 

56 

.">2 

6.S 

0.0179 

8.2 

25.5 

10 

18 

31 

27 

27.8 

0.0570 

s.(; 

29.5 

10 

9 

18 

21 

54.3 

0.0878 

7.4 

Sept.    2.5 

10 

3 

34 

15 

49.1 

0.1 09S 

5.4 

6.5 

10 

1 

8 

9 

12.9 

0.1254 

3.7 

10.5 

10 

1 

•p, 

+   3 

51.1 

0.1372 

2.5 

14.5 

10 

2 

28 

-   1 

42.3 

0.1471 

1.8 

18.5 

10 

4 

52 

6 

5S.0 

0.1562 

1.3 

22.5 

10 

7 

54 

11 

57.7 

0.1648 

1.0 

26.5 

10 

11 

20 

16 

42.9 

0.1735 

0.8 

30.5 

10 

15 

0 

-21 

15.1 

0.1824 

0.6 

Brightness  on  June  22  is  taken  as  the  unit. 


From   Suppliment  to  No.  544. 
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The  ephemeris  positions  are 


Oct.      1 


9 
10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 

o- 

28 
29 


49 

55 

1 


10 


10 


apparent 

20"'  9.91 
25  36.07 

31  12.81 
36  58.63 

42  54.40 
0.36 

16.77 
43.79 
8  21.63 

15  10.38 
22  10.12 
29  20.86 
36  42.56 
44  15.06 

51  58.15 
59  51.51 

7  54.75 

16  7.33 

24  28.67 

32  58.00 
41  34.54 
50  17.35 
59  5.42 

7  57.66 
16  52.92 

25  49.99 
34  47.63 

43  44.58 

52  39.63 


8  apparent 


-24  53 

26  21 

27  49 

29  16 

30  43 

32  10 

33  35 

34  59 

36  22 

37  43 

39  3 

40  20 

41  34 

42  46 

43  56 
45  2 


46 
47 

48 


4 

58 

49  48 

50  36 

51  20 

52  0 
37 

53  11 
42 

54  10 
-54  34 


51.8 
33.9 
17.8 
49.3 
54.0 
16.9 
42.9 
56.8 
43.9 
49.8 
0.4 
2.8 
44.6 
54.6 
21.8 
57.5 
33.2 

18.6 
18.5 
58.4 
16.7 
12.6 
46.3 
59.4 
54.7 
35.7 
6.7 
33.1 


ab.  t 

0.00554 
551 
548 
546 
545 
544 
544 
544 
545 
547 
548 
550 
553 
556 
560 
564 
568 
573 
578 
583 
589 

601 
608 
615 
622 
629 
637 
0.00645 


log  A 

9.982 
980 
978 
977 
976 
975 
975 
975 
976 
977 
978 
980 
982 
985 
987 
990 
993 
997 

0.001 
005 
009 
014 
018 
023 
028 
033 
038 
043 

0.048 


DEFI]5^ITIYE  ORBIT 

By  henry 

This  comet  was  discovered  by  Barxard  October  2, 1891.  ! 
It  is  described  as  moderately  bright,  about  one  minute  in 
diameter,  with  scarcely  any  nucleus.  It  was  far  south,  and 
was  always  observed  with  difficulty  by  its  discoverer,  disap- 
pearing from  his  sight  in  a  week.  It  was  observed  at  no  other 
northern  observatory,  but  was  followed,  however,  for  nearly 
two  mouths  at  Cordoba.  These  two  series  of  observations, 
together  with  a  short  one  from  Sj-dney,  are  all  that  have 
appeared.  In  A.N.  3237  Hixd  has  published  an  orbit 
based  upon  the  Cordoba  observations  of  October  19,  No- 
vember 12  and  December  3.  As  will  be  seen  from  the 
following,  these  elements  satisfy  the  southern  observations 
with  a  fair  degree  of  approximation,  but  leave  much  to  be 
desired  for  those  of  Barxard. 

The  Hixd  elements  are  as  follows : 

T  ==  1891  Nov.  13.54555  G.M.T. 

o)  =  269°  34' 59*5  ) 
Q,  =  218     0  13.4  - 1891.0 
I  =     77  59  54.7  ) 
logr^  =  9.9872737 

X  =  [9.9021683];-  sin  [188°48' 43*03 +  f] 
>j  =  [9.8927485]  (•  sin[135  53  30.45  +  c] 
z  =  [9.9382463]  r  sin  [253  10  25.45  +  v] 


OF  COJ^IET  1891  IV, 

A.  PECK. 


tt  apparent 


Oct.    30 
31 

Nov.     1 

o 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 


24 
25 
26 


28 

29 

30 

Dec.      1 


11 


12 


13 


14 


1  31.55 
10  19.17 
19     1.40 

27  37.16 
36  5.50 
44  25.59 

52  36.63 
0  37.99 
8  29.10 

16  9.55 
23  38.97 

30  57.12 
38  3.83 
44  59.01 
51  42.67 
58  14.84 

4  35.65 

10  45.23 
16  43.79 

22  31.55 

28  8.78 

33  35.74 
38  52.72 
44  0.00 
48  57.91 

53  46.76 
58  26.87 

2  58.55 
7  22.09 

11  37.81 
15  45.99 
19  46.91 

23  40.83 
27  28.04 

31  8.78 

34  43.29 
38  11.84 
41  34.62 
44  51.88 


S  apparent 

-54°  56  0^7 

55  14  35.9 
30  25.7 

43  37.1 
54  IS.O 

56  2  35.9 

8  38.8 
12  34.4 
14  30.4 

34.7 

12  54.3 

9  36.9 
4  49.5 

55  58  38.8 
51  11.1 
42  32.7 
32  48.8 
22  5.7 
10  27.8 

54  oS     0.4 

44  47.7 
30  54.0 
16  23.0 

1  18.5 

53  45  43.4 

29  41.3 

13  14.6 
52  56  26.2 

39  18.3 

21  53.1 

4  12.5 

51  46  18.4 

28  12.3 

9  55.8 

50  51  30.2 

32  56.8 

14  16.7 
49  55  31.2 

-49  36  40.7 


ab.  { 

0.00653 
661 
669 
677 
686 
694 
703 
711 
720 
728 
737 
745 
754 
763 
772 
780 
789 
797 
806 
814 
823 
831 
839 
847 
855 
863 
871 
879 
886 
893 
900 
907 
914 
921 
928 
934 
940 
947 

0.00'.t.-.3 


log  A 

0.054 
059 
065 
070 
075 
080 
086 
091 
096 
101 
107 
112 
117 
122 
127 
132 
136 
141 
146 
151 
155 
159 
163 
167 
171 
175 
179 
183 
187 
191 
194 
197 
200 
203 
207 
210 
213 
215 

0.218 


The  following  .•itar-positions  re 
and  ecliptic  of  1891.0  have  been 


No. 
1 


8 
9 
10 
11 
12 
13 
14 
15 
16 


7  30  55.65 
7  36  36.55 
7  44  18.72 
7  50  15.24 

7  54  55.50 

8  5  2.95 
8  8  24.47 
8  8  31.08 
8  10  0.19 
8  15  7.56 
8  17  27.55 

8  21  30.87 

9  32  55.48 
9  38  55.67 
9  40  55.25 
9  49  50.45 


-27  52  29.4 

29  17  43.9 

30  29    4.8 

32  12  16.0 

33  36  56.5 

35  8    9.0 

36  39  44.1 
36  20  24.5 

36  37  16.9 

37  50  8.6 
39  16  25.5 
39  31     6.7 

48  51  59.9 

49  38  37.5 
49  30  29.3 

—  50  37  55.7 


ferred  to  the  mean  equinox 
used  : 

Authority 

Wash.M.Cir.Z.  84.No.103 

Arg.  General  Catal. 

Arj:.  Gen.  Catal. ;  Yarnall 

Wi.liii   .:  I     M    •      ll.  Zi>llrSi:.  So,M. 

W  i.        .  \        <    r   Zone  IM,  Ko.  It. 

A  r ,  cit  Wnshlnxlon ; 

A  :M  WashlnetoD; 

«  ;r  7-nr  ITI. 


A  ('atal. 

A-  Slone:  Capr  '*•: 

-       •      V  .  ir.i.  i-.rn.  C«ia1. 

Arg.  Zone  Catal. 
Arg.  General  Catal. 
A.G.C.:  Stone :  Cape'4O-"50 
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No. 

h      m      • 

S 

Authority 

No.             a 

ll        ID       • 

a 

Aulliority 

17 

9  55  49.11 

51  19  37.3 

Arg.  General  Catal. 

31     14    2  39.92 

52  55    6.9 

Arg.  General  Catal.;  Stone 

18 

10    1  42.46 

51  52  32.4 

Arg.  General  Catal. 

.32     14  20    5.28 

52    1  57.8 

Arg.  General  Catal. 

19 

10    3    6.12 

52    0  11.4 

Arg.G.C. ;  Stone;  Cape '50 

.■?3     14  25    2.57 

51  29  12.5 

Arg.  General  Catal.;  Stone 

20 

10  32  24.70 

53  40  22.1 

Arg.  General  Catal. 

.34     14  3G  30.13 

50  12  19.6 

Arg.  Zone  Catal. 

21 

10  47  26.95 

54  33  35.5 

Arg.G.C. ;  Stone ;  Cape  '50 

••!5     14  37    0.58 

50  43  37.3 

Arg.  General  Catal. 

22 

12  25  20.44 

56  22  22.0 

3  conij).  with  y  Cruets 

36     14  43  25.23 

49  38  27.2 

Arg.  Zone  Catal. 

23 
24 

12  31    9.12 
12  40    7.61 

56  11  15.7 
55  53  31.6 

Arg.  General  Catal. 
A.G.C.;  Stone  ;Cape'40,'50 

The  following 

new  proper  motions  have  been  used  : 

25 

26 

27 

28^ 

29 

12  50  57.99 

13  12  41.67 
13  13  29.41 
13  14    3.27 
13  17    2.95 

55  42  59.5 
55  24  11.8 
55  11  29.4 
55  13  41.2 
54  49    4.0 

A.G.C. ;  Madras  Gen.  C. 
4  comp.  with  No.  28 
Arg.  General  Catal. 
Arg.  General  Catal.:  Stone 
Arg.  General  Catal. 

Ko.  21         z/«  =  -0.005         JB  =      0.000 
24                     +0.002                     -0.044 
In  comparing  the  observations  with  the  ephenieris,  the 
time  of  observation  has  been  corrected  for  aberration,  and 

30 

13  55  20.15 

53  27  58.7 

Arg.  Zone  Catal. 

then  reduced  to  the  meridian  of  Greenwich. 

Oct.      3.03695 

4.00455 

5.00022 

5.'.)9.~.S2 

7.0I)',I77 

8.0 1554 

8.03347 

9.00940 

9.15258 

9.25637 

10.01027 

11.15711 

11.2.3089 


Nov. 


Dec. 


23.81328 

25.81480 

28.80785 

30.80338 

3.80628 

4.80494 

6.79378 

6.81202 


IMt.  Hamilton 


Sydney 

Jit.  Hamilton 

Sydney 


a  apparent 
h       m       8 

7  31  25.20 
37  0.36 
42  54.02 
48  58.91 
55  20.62 

8  1  '57.58 

8  26.27 

9  23.28 
10  0.09 
15  15.76 
23  17.39 

48.70 


-0 


20 
.36 
.38 
.41 
.42 

.34 
.39 
.03 
.45 
.41 
.65 
.51 


O— C 

Ja  COS  8 

-   6'3 

3.0 

10.8 


5.6 
7.4 
0.7 
8.8 
3.7 
4.8 


&  apparent 

-27°  52  18'5 

29  17     3.5 

30  43  52.3 

32  15  28.3 

33  36  46.0 

35  1   12.7 

36  23  34.6 
34  52.9 
42  18.3 

37  44  42.7 
39  14  56.5 

20  49.1 


+  8.0 


7.9 

8.2 

+  7.9 
-3.1 
-0.8 
+  7.9 
-3.2 
0.8 


O— C 

j8 

+  2l'7 

17.3 

10.1 

(-5'25".3) 

—   5.5 

+  10.0 

+  '3.4 
17.1 
15.0 

4.4 
15.8 

9.6 


Cordoba 


14 


52  54.34 
2     9.58 

14  59.46 

22  55.84 
34     2.75 

37  31. 03 

44  11.66 
1.5.46 


-0 


+  2.4 

+  1.6 

+  0.8 

-  0.2 
+  0.6 

-  4.6 
'>  - 

-  0.4 


53  32  34.4 

52  59  29.2 

7  31.5 

51  31  45.8 

50  36  30.6 

17  57.2 

49  40  34.7 

32.7 


o  2 
2.1 
2.1 


+  (;.4 
+  3.4 


1.3 
0.3 


0.4 


3 
4 
5 

6 
6 

8 

J 

9 
10 
11 
12 


Oct.    19.76897 

Cordoba 

y 

31 

0.54 

.74 

4- 

1.6 

48 

46     2.6 

2.0 

+ 

3.0 

13 

19.78790 

9.51 

.72 



5.4 

47  10.6 

1.3 

— 

4.1 

13 

20.79807 

« 

39 

49.73 

.72 



7.2 

49 

38  56.6 

1.0 

+ 

3.1 

15 

20.82112 

" 

40 

2.20 

.68 

_ 

1.2 

40     3.7 

-0.3 

+ 

5.5 

14 

20.83521 

« 

9.03 

.64 

_ 

5.5 

46.2 

+  0.2 

+ 

6.4 

14 

21.81367 

" 

48 

41.18 

.70 

+ 

9.5 

50 

27  42.0 

-0.5 

+ 

0.7 

16 

22.84073 

" 

57 

41.21 

.65 

_ 

4.2 

51 

13  37.3 

+  0.3 

— 

10.8 

17 

23.81578 

It 

10 

6 

20.14 

.72 

+ 

1.3 

53  32.5 

-0.5 

0.0 

IS 

23.83821 

it 

32.72 

.67 

+ 

6.9 

54  24.7 

+  0.2 

1.7 

19 

26.81974 

33 

11.00 

.73 

_ 

3.9 

53 

37  17.9 

-0.6 

— 

0.1 

20 

28.82513 

51 

7.12 

■j-o 

+ 

1.3 

54 

30  28.9 

—  O..") 

+ 

0.4 

21 

Nov.     8.82389 

Cordoba 

12 

00 

20.91 

.70 



6.8 

56 

13  10.5 

-1.3 

+ 

7.6 

00 

9.82341 

" 

29 

41.73 

.70 

+ 

3.7 

10  21.8 

1.4 

— 

4.6 

23 

10.82869 

" 

36 

52.35 

.69 

+ 

1.8 

5  49.5 

1.3 

6.4 

24 

11.81539 

" 

43 

44.08 

.68 

+ 

1.5 

55 

59  51.7 

1.7 

0.2 

24 

12.80694 

" 

50 

25.90 

.67 

_ 

3.4 

52  46.2 

2.0 

5.0 

25 

15.80859 

« 

13 

9 

34.66 

.64 



L1.3 

24  13.7 

2.1 

2.6 

28 

15.82961 

(( 

43.96 

.64 

+ 

2.3 

23     1.8 

1.0 

4.0 

26 

16.80983 

15 

36.98 

.63 

_ 

0.8 

12  44.2 

2.1 

1.7 

0- 

17.81480 

21 

28.07 

.62 

- 

4.2 

0  20.3 

2.0 

- 

0.1 

29 

30 
31 
32 
33 
35 
34 
36 


The  observations  have  in  general  received  the  weight 
unity.  Those  in  (  )  have  been  rejected  entirely,  and  three 
others  have  had  their  weight  reduced.  The  hour-angle  of 
the  second  Sydney  observation  on  Oct.  9  has  been  corrected 


-1.9     (+1'40".9)    36 

by  subtracting  twenty  minutes  from  the  time  of  observa- 
tion. For  the  first  observation  on  Dec.  6  the  difference 
■i(i—S^  iu  declination  has  been  made  to  read  —2'  4".6,  in- 
stead of  —24". 56,  as  printed. 
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Combining  in  the  usual  manner,  the  following  normal 

places  result,  referred  to  the  mean  obliquity  and  equinox 
of  1891.0. 

a  S  O— C 


Oct.    8.0 


Nov.  13.0 
Dec.    1.0 


2     1   42.67 

9  59     4.01 

12  51  41.03 

14  23  38.60 


-34  59  45.79 
51  20  5.64 
55  51  0.89 
51  27  58.20 


O- 

JacosS 

-2*33 
0.62 
1.35 
0.31 


JS 

+  lo'.81 
+  0.74 
-  1.89 
+   1.20 


passage.     The  further  work  is  therefore  based  upon  the 
elements 

T  =  Nov.  13.54150  G.M.T. 
o.  =  269°  34'  31".6 
log  q  =  9.9872612 

and  these  corrected  elements  leave  the  residuals 


By  a  verj'  rough  preliminary  computation  it  was  ascer- 
tained that  the  large  residual  in  declination  for  Oct.  8 
could  be  made  to  practically  vanish  by  slight  changes  in 
the  elements  most  intimatelj'  connected  with  the  perihelion 


•  sJidT 


da  cos  8 

-0."l2 
-0.56 
-2.05 
+  0.09 


6>8 

-0.28 
-1.68 
-1.09 
+  3.61 


Usino 
are 


Schonfeld's  notation  the  equations  of  condition 


+  650  c>K 

-803 

559 

701 

263 

278 

+  132 

-  63 

-549 

+377 

+  23 

-  87 

430 

452 

535 

459 

Wt 

65  d'/ 

+  169.?X 

-182  r>r 

=  -  12  +  227y£ 

3 

247 

-204 

+  118 

=    56  +  111 

3 

414 

539 

+  7 

=  -205  +   1 

2 

351 

-501 

-230 

=  +  9+   1 

2 

605 

+  741 

800 

=  _  28  -  53 

3 

207 

832 

479 

=  - 168  +  20 

2.5 

347 

471 

—  7 

=  -109  +   2 

2 

549 

236 

+ 108 

=  +361  -  40 

2 

the  units  being  the  third  decimal  place  for  the  coefficients 
and  the  hundredths  of  a  second  for  the  absolute  terms. 


From  these  equations  of  condition  the  following  normal 
equations  are  deduced : 


+  42213K  -UmK^2dT  -    5009y   -   944 i?X  +llS8o>^=  +106+ 667  ^t 


-4406  +4826 

-  500  +  816 

-  944  +    400 
+  1188  -   682 


+  816 

+  400 

-  082 

=  +  33-811 

+  2830 

- 1379 

+  1619 

=  +  21  +  92 

-1379 

+  5230 

-2676 

=  _105  -  49 

+  1619 

-2676 

+  2764 

=  +340+  12 

The  elimination  equations  are 


-1044kV2  92'  -    118  (^Y   -   224  ax  +   28131/  =  +   25   +160  o>£ 

K^idT  +12589'/   -2487  9\  +23609,-  =  +606   -449  9£ 

dq  -  315  9X  +   446  3v  =  -   61   +127  ^t 

d\  -  207  91'  =  +   69   -   20  9£ 

,)v  =  +169   -155  9c 


The  most  probable  values  of   the  unknown    quantities 


()k  =  +6.09  — 0.239  9£ 

K^2dT  :=  +5.94  —0.431 

dq  =  -1.03  +0.180 

'9X  =  +1.04  -0.052 

9v  =  +1.69  -0.155 

and  the  corrections  to  the  elements  are 

dT  =  +0.00  118     -[5.9340]  ,h 

9o)  =   +6"45  -  0.271  9£ 

9Q  =  -1.74  +  0.158  9£ 

9i  =  -1.05  +  0.053  9£ 

dq  =  -0.0000050 +[3.9409]  9£ 

where  di  is  understood  as  expressed  in  seconds  of  arc.     If 


a  parabolic  form  is  assumed  for  the  orbit,  the  resulting 
elements  and  their  probable  errors  are 


T  =  Nov.  13.54268  ±0.00179  G.M.T. 

o.  =  269°  34  38.0 

I    =    77  59  53.(!      

ft  =  218     0  11.7      ±3.2  j 
log  q  =  9.9872590  ±  42  (units  of  7th  place) 


±7.0  1 
±1.4  yii 


1891.0 


X  =  [9.9021712]/-  sin  (188  48  21.80 +  n 
!/  =  [9.8927475];-  sin  (135  53  7.10+1-) 
z  =  [9.93S2445]r  sin  (253  10     4.33 +  v) 

A  comparison  of  the  residuals  obtained  by  computing 
an  ephemeris  for  the  dates  of  the  normal  places,  with 
those  that  result  from  direct  substitution  in  the  eipiations 
of  condition  is  given  as  proof  of  the  numerical  accuracy 
of  the  solution. 
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Aa  COS  S 

ja 

Eq.  of  Cond. 

Elements. 

Eq.  of  Cond. 

Elements. 

+  0.89 

+  0.8G 

+  0.78 

+0.8G 

-0.04 

-0.10 

-1.57 

-1.57 

-1.88 

-1.85 

-1.87 

-1.88 

+  0.21 

+  0.10 

+  2.08 

+  2.06 

Several  characteristics  of  these  residuals  suggest  that 
the  parabola  maj'  not  be  the  true  form  of  the  orbit.  Cer- 
taiuly  the  one  represented  by  these  elements  is  little,  if 
any,  better  than  that  produced  by  the  supposition  that  the 
corrections  to  the  longitude  of  the  node  and  the  inclina- 
tion are  zero.  It  will  be  noticed  that  Ji  (j>vv)  has  only 
dropped  from  45".l  to  33".l  and  that  the  probable  errors 
of  the  elements  in  all  cases  except  that  of  log  q  exceed 
the  corrections  themselves.  A  direct  solution  of"  the 
equations,  retaining  the  eccentricity  as  an  unknown  quan- 
tity indicates  a  tendency  toward  an  ellipse.  The  coefficient 
of  dt  in  the  last  equation  becomes  so  small,  however,  that 
its  theoretical  weight  is  practically  at  the  vanishing  point. 
Syracuae  University,  June  19,  1903. 


If  the  results  given  above  are  substituted  in  the  weighted 
equations,  the  sum  of  the  squares  of  the  residuals  becomes  a 
minimum  for  rJc  =  — 139".5  and  2i (j>vv)  becomes  only 
9".7,  the  in<lividiial  residuals  being 


JuoosS 


J8 


-O.IG 

-0.58 

-0.74 

+0.73 

+0.73 

+  1.1S 

+  0.7!) 

+  0.45 

The  range  of  uncertainty  is  quite  large  so  that  this 
value  of  r)(  can  not  by  any  possibility  be  considered  as 
fixed  within  a  limit  of  ±40".  The  ellipse  above  indicated 
has  an  eccentricity  of  0.999324  and  the  other  elements 
are 

T  =  Nov.  13.5547  G.M.T. 

w  =  269°  35'  le'  ) 

{  =    77  59  46    U  891.0 
S2  =  217  59  50   ) 
log  'j  =  9.987204 


0:Ni    THE   APPAREN^T   ELLIPTICITY 

By  E.  E.  BARNARD. 


OF  MABS, 


At  the  opposition  of  Mars  in  1894  the  disc  of  the  planet 
appeared  decidedly  elliptical  with  the  3G-inch  of  the  Lick 
Observatory.  On  two  dates  I  made  settings  for  the  position 
angle  of  the  apparent  equation. 

1894  Oct.  15"*  14"  30"     P. A.  =  62!6 
Nov.    4  11  50  43.8 

53.2 
These  are  discordant.  It  is,  however,  difficult  to  measure 
the  position  angle  of  an  ellipticity  of  this  kind.  I  was  not 
looking  for  ellipticity  of  the  disc,  and  was  surprised  when 
it  was  noticed.  Thinking  there  might  be  some  deception 
in  the  matter,  I  have  never  referred  to  the  observations. 

At  the  opposition  of  this  spring,  I  was  again  struck  with 
this  peculiarity,  and  on  four  dates  made  settings  for  the 
position  of  the  apparent  equator. 


From  the  ephemerides  of  Mars  printed  in  the  Monthly 
Notices,  R.A.S.,  for  April  1894,  and  June  1902,  by  Mr- 
Marth  and  Mr.  Ckommelix,  respectively,  I  find  the  po- 
sition of  the  Martian  eq>iator  for  the  approximate  dates  of 
observation,  and  residuals  C  — 0, 


In  1894 
In  1903 


Comp. 

54.5 
120.0 


+  1+ 
-5 


1903  :\[ar.  25  10     0 

P.  A. 

=  122.9 

30  11     0 

133.2 

Apr.     4  10     0 

121.0 

6     9  30 

122.8 

125.0 


The  accordances  with  the  known  position  of  the  equator 
leads  me  to  think  the  apparent  ellipticitj-  may  be  real.  If 
it  is  real,  the  ellipticity  of  the  planet  must  be  decidedly 
greater  than  the  theoretical  value.  It  is  a  well  known  fact 
that  observations  differ  greatly  in  respect  to  the  polar  com. 
pression  of  Mars.  Some  of  the  larger  values  obtained 
would  make  it  readily  apparent  to  the  eye. 

In  the  observations  the  ej'es  were  placed  in  different 
positions  with  respect  to  the  direction  of  the  ellipticity, 
which  remained  \mchanged  and  decided  in  character. 

TerkeK  Observatory,  Williams  Bay,  YVis.,  1903  April  25. 


SUSPECTED   YARIABLE   NEAR   B  CYG]\U, 

By  ORMOXD   stone. 
July  15,  1903,   a    star   of   10>'.8,  14'  preceding    and    O'.S    north    of    7045  R  Cygni,   was    seen   by  Mr.  Chas.  P. 
Olivier  and  Mr.  tr.  F.  Paddock  with  the  26-inch  equatorial  of   this  Observatory.     No  star  is  shown  in  this  place 
on  Hagen's  chart.     July  18  it  was  estimated  at  14«.5,  and  July  19  at  14".7. 


C  O  ?r  T  E  X  T  5 

On  the   SY.STEMATIC   DIFFERENCE    IN   DECLIXAXrOX    BETWEEN    BRADLEY    (AUWERS)    AND   THE   CATALOGUE    OF   62 

Stars  (A.J.  531-2),  by  Lewis  Boss. 
Elements  and  Ephemeris  of  Comet  c  1903  (Borrelly),  by  H.  R.  Morgan  and  Eleanor  A.  Lamson. 
Definitive  Orbit  of  Comet  1891  IV,  by  Henry  A.  Peck. 
On  the  Apparent  Ellipticity  of  Mars,  by  E.  E.  Barnard. 
Suspected  Variable  near  1{  Cygni,  by  Ormond  Stone. 
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DOUBLE-STAR    MEASURES, 

By  JOHX   a.    miller   and   W.    A.    COGSHALL. 


The  stars  in  the  following  list  are  those  which  were 
noted  as  double  by  the  Berlin  observers  while  making 
the  observations  for  the  Catalog  of  the  Astronomische 
Gesellschaft  (Zone  20°-25°),  no  measures  of  which  have 
hitherto  been  published.  Tlie  list  was  prepared  by  Pro- 
fessor S.  W.  BuRNHAM.  The  measures  were  made  with 
the  12-inch  refractor  of  Kirkwood  Observatory,  to  which 
is  attached  a  micrometer  by  Warner  and  Swasey. 

The  position  angle  for  each  night  is  the  mean  of  four 
settings,  and  the  distance  the  mean  of  three  settings. 


The  stars  which  have  been  noted  as  double  by  the  Berlin 
observers,  but  which  seem  to  us  single,  have  been  ex- 
amined on  two  or  more  nights,  and  pronounced  single  after 
having  been  observed  at  least  once  when  seeing  was  steady. 
The  magnitude  given  is  the  average  of  estimates  made  at 
the  time  the  stars  were  measured.  The  letter  C.  follows 
the  measures  made  by  Mr.  Cogshall,  and  the  letter 
M.  those  made  by  myself.  The  positions  given  are  for 
1900. 

John  A.  Miller. 


DM.  20°18.     A.G. 

56.     8".9  ; 

9>'.4. 

DM 

.  20°507. 

A.G.  907. 

0  =  0'"  11'°  49^99     : 

8  =  +21°  18 

'  11  ".9 

a  =  3''  0" 

8«.72     : 

8  =  +20°  28' 

34".2 

t                        do 

Pij 

t 

eo 

Pi 

1902.793         135.4 

1.73 

1902.804 

20.2 

0.80 

1902.804         133.8 

1.63 

.826 

22.7 

0.89 

1903.030         133.7 

1.92 

1903.227 

31.1 

0.93 

1902.876         134.3 

1.79 

M. 

1902.922 

24.7 

0.87 

M. 

DM.  23°135.     A.G. 

305.     9".0  ; 

10».0. 

DM.  21°442.     A.G.  989.     9»  , 

11". 

u  =  01-  53°>  21«.73     ; 

8  =  +24°  8' 

ZQ'.e 

a  =  Sfc  14™ 

59».59     ; 

8  =  +21°  17 

'  42'.4 

1902.785         109.4 

3.92 

1902.131 

287.9 

.3.91 

1902.804         112.1 

3.80 

.826 

284.0 

4.00 

.845         112.5 

3.91 

1903.162 

283.4 

3.54 

1902.811         111.3 

3.88 

c. 

1902.706 

285.3 

3.82 

M. 

DM.  25°139. 

a  =  0''  .-jG""  27'.77     ; 

1902.785         244.5 
.804         243.3 
.826         242.3 

A.G.  314. 

8  =  +23°  15 

4.61 
4.18 
4.66 

21".- 

DM.  22°620.     A.G 

a  =  3''  SC"  7'.  79     ; 

1902.017         174.2 

.151         170.7 

1903.068         170.4 

1298.     9" 
8  =  +23=  3' 

1.69 

1.60 

1.35 

;  10». 
57'.4 

1902.805         243.4 

4.48 

M. 

1902.412 

171.7 

1.55 

M. 

DM.  20°154.     A.G. 

330.     9".8 

9".9. 

a  =  li>0">  11».43     ; 

8  =  +20°  31 

8".9 

D.M 

24''772. 

A.G.  1662. 

1902.785         201.9 

0.83 

a  =  .-)"  4"' 

36'.  57     ; 

8  =  +25''  1' 

1S'.5 

.804         206.2 

0.85 

1902.151 

Not  double. 

1902.795         204.1 

0.84 

c. 

Marked  "obi."  in  one  zone  in  A.G 

Catal. 

DM.  20°410.     A.G.  757.     9^ 

.4. 

DM.  22°9' 

'8.     A.G 

1856.     8" 

;  9  ".5. 

a  =  2"  2.^"'  17'.-t4 

8  =  +21°  3 

40".5 

a  =  5"  34' 

'  0«.32     . 

8  =  +22°  28 

4(('.3 

1902.017         247.9 

4.41 

1902.017 

142.8 

7.10 

.115         246.9 

4.50 

1903.022 

144.0 

7.07 

.131         246.9 

4.65 

1903.068 

142.5 

6.93 

1902.088         247.2 

4.52 

c. 

1902.702 

143.1 

7.03 

c. 

DM 

21''1008. 

A.G.  1992. 

a  =  5"  43' 

37».35    ; 

8  =  +21'^  47'  47'.9 

1902.195 

Not  double. 

Marked  " 

dupl.  seq.  maj."  in  .\.G.  Catal. 

DM.  20°1216.     A.G.  2113.     S^.S. 

o  =  5''  55 

'"6'.40    , 

8  =  +20°  13'  4S'.5 

t 

e.. 

Po 

1902.115 

100.4 

14.08 

.131 

103.4 

14.35 

.151 

96.2 

14.91 

1903.023 

100.7 

14.14 

1902.355 

100.2 

14.37         C. 

DM.  20°12 

59.     A.G 

2175.     8\7  ;  lO". 

a  =  Ol-  0' 

'  46".  04     ; 

8  =  +20^  6'  50'.9 

1902.195 

198.5 

1.50 

.214 

199.4 

1.53 

1902.205 

199.0 

1.51         M. 

DM.  24''1161.     A.G.  2242.     g*  ;  9".2. 

a  =  6"  0- 

41'.04     ; 

8  =  +24°  27'  2'.7 

1902.151 

181.2 

1.85 

.195 

179.4 

2.07 

1903.068 

182.5 

1.63 

1902.471 

181.0 

1.85         M. 

DM.  22°12S0.     A.G.  2308.     8". 7. 

a  =  C  13-"  43*.  79 

8  =  +22^9'5'.5 

1902.151 

48.8 

1.73 

.195 

50.2 

1.51 

.208 

49.1 

1.66 

1902.185 

49.4 

1.63        C. 

(167) 
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DM.  24°12 

70.     A.G 

.  2392.     9" 

9M. 

DM.  25"'1997.     A.G.  3558. 

DM. 

23°2530.     A.G.  4674. 

a  =0h21'° 

2l'.ilO     : 

8  =  +24°  35' 

32'.0 

a  =  8k  42'"  21».26     ;    8  =  +24°  57'  lO'.o 

u  =  12k  r,8 

"  7'.23     ;     8  =  +23'  10'  32'.4 

t 

^"0 

?" 

1902.291     Not  double.     W.A.C. 

Single.    Marked  "dupl.  pr.  "  in  A.G.  Catal. 

1902.151 

209!5 

2.81 

Marked   "dujil.?"    in   one   zone   in   A.G. 

DM.  24°25 

32.     A.G.  4681.     9"  ;  9".5. 

.208 

206.8 

2.52 

Catal. 

tt  =  12k  581. 

»  48VS4     ;     8  =  +24°  10'  m'.Z 

1903.151 

210.0 

2.18 

DJ[.  23°2004.     A.G.  3559.     9''  ;  9».l. 
a  =  8k  44'"  37-.2S     ;    8  =  +23°  30'  8".7 

t 
1902.307 

9o                   P» 

1902.503 

208.8 

2.50 

M. 

127.°8          3.17 

t                            Oil                      Pu 

.373 

.    .            2.04 

DM.  23°  1480.     A.G 

.  2559.     8".. 

5  ;  9>'. 

.411 

129.5           2.25 

a  =  0'>  38" 

33«.02     ; 

8  =  +23°  32 

54".l 

1903.153           71.4           1.71 

1903.206 

127.7           2.54 

1902.151 

76.4 

1.45 

.208           73.7           1.61 
.227           75.7           1.78 

.266 

128.4           2.59 

.195 

77.1 

1.46 

1902.713 

128.3           2.52         C. 

.208 

76.2 

1.60 

1903.196           73.6           1.70         M. 
DM.  24''2053.     A.G.  3688.     9»  ;  9".5. 

DM. 

a  =  13k  3-" 

1902.188 

76.8 

1.50 

c. 

24°2542.     A.G.  4702. 
14».8o     ;     8  =  +23°  56'  48'.7 

DM. 

21°!  445. 

A.G.  2696. 

a  =  9k  7""  47».23     ;     8  =  +24°  28'  10  ".5 

Not  double 

.   Marked  "dupl.  maj.?"  in  two 

tt  =  0"  51' 

>  4G».95     ; 

8  =  +21°  S' 

57  ".1 

1902.227         318.5           4.94 

zones  in  A.G 

.  Catal. 

1902.195 

Not  double. 

.271         316.7           4.66 
.307         318.8           4.18 

DM.  21°2531.     A.G.  4789.     9M  ;  9>'.5. 

Marked   " 

dupl.?"    iP    OTIP    7.nne    in    AG. 

a  ^  13k  22" 

'•21«.71     ;     8  =  +20°58'52'.6 
305.3           1.16 

Catal. 

1902.268         318.0           4.59         M. 

1902.307 

DM.  24°1508.     A.G 

2739.     9>' 

9>'.2. 

DM.  24°2089.     A.G.  3766. 

.444 
.504 

305.7           1.31 
300.2           I.IG 

a  =  eh  56 

» 52«.57     ; 

8  =  +24°  36 

'  5".6 

0  =  9k  22"'  59«.25      ;     8  =  +24°  14'  25".7 

1903.206 

305.2           1.50 

1902.208 

23.3 

1.64 

1902.271.     Not  double. 

.214 

20.6 

1.28 

1902.615 

304.1           1.28         M. 

1903.151 

21.5 

1.29 

Marked    "dupl.?"    in    one   zone   in   A.G. 
Catal. 

DM.  24°2588.  A.G.  4798.    8«.8  :  12". 

.162 

19.9 

1.69 

DM.  21°212S.     A.G.  3876. 

a  =  9k  51'"  22^52     ;     8  =  +21°  15'  12".6 

a  =  13k  2c 

'"  55«.70     ;     8  —  +24°  5'  55".$ 
245.4           3.69 

1902.684 

21.3 

1.48 

M. 

1902.307 

DM. 

22°1655. 

A.G. 2911 

1902.304     Uncertain. 

.444 

248.3           2.51 
248.7           2.43 

a  =  -h  16 

1902.195 

-  12'.30     ;    S  =  +22=  50 
Not  double. 

5  ".6 

.373     Probably  elongated. 

.515 

Marked    "dupl.?"   in   one  zone   in    A.G. 
Catal. 

1902.422 

247.0           2.88         C. 

Marked   " 

dupl.?"   in    one    zone   in   A.G. 

DM. 

23°2682.     A.G.  5046. 

Catal. 

DM.  23°2288.     A.G.  4150. 

a  =  14k  15" 

33».21     :     8  =  +23°30'49".5. 

DM.22='17£ 

a  =  V"-  451 

7.     A.G. 

>  57».99     ; 

3152.     9^  ; 
8  =  +22°  30 

10>'.5. 
44".  6 

a  =  lOk  54'"  27^48     ;     8  = +23°  45' 2".2 
1902.271     Not  double. 

1902.504  Double,  but  too  close  to  meas. ! 
Marked  "  dupl.? "  in  one  zone. 

1902.195 
.208 

329.8 
329.5 

10.92 
11.36 

Marked  "dupl.,  med.,"  in  one  zone,   and 
single  in  three  zones  in  A.G.  Catal. 

DM.  21°27 

98.     A.G.  5383.     9"  ;  lO". 

.214 

331.6 

11.01 

DM.  22°2387.     A.G.  4323. 
a  =  Ilk  34m  198.28     ;     8  =  +21^  52'  0".9 

a  =  15k  35 
1902.444 
.520 

»22'.90     ;     8  =  +21°36'8'.3. 
129.5           2.80 
131.7           2.47 

1902.206 

330.3 

11.10 

c. 

DM.  22n6 

-8.    A.G. 

2941.    8>'.7  ; 

10^.3. 

1902.271     Not  double. 

Marked  "comp.  9". 5, 1-2  sec?"  in  one  zone 

1903.227 

128.4           2.68 

a  =  7k  20 

""  0».95     ; 

8  =  +22°  17 

8".l 

in  A.G.  Catal. 

1902.730 

129.9           2.65         M. 

1902.214 
.271 

176.1 
175.6 

1.55 
1.59 

DM.  23°2471.     A.G.  4544.     8«.8  ;  9«.4. 

DM 

20°3216.     A.G.  5528. 

1903.022 

174.1 

1..58 

a  =  12k  27""  45».41     ;     8  = +23°  33' 47".3 
1902.271         312.2           0.88 
.307         320.4           0.76 

a  =  10k  4.H 

1902.518 
Marked  " 

19\89     ;    8  =  +20°40' lO'.a. 
Not  double, 
lirpl.?"  in  one  zone. 

1902.502 

175.3 

1.57 

c. 

DM 

20°209o. 

A.G.  3396 

1903.206         311.8           0.99 

DM 

24°3048.     A.G.  5715. 

a  =  Sk  23 

"  40'.46     ; 

8  =  +20°  45 

41  ".1 

1902.595         314.8           0.88         M. 

a  =  16k  40 

"'18^09     ;     8  =  +23°59'7".3. 

1903.208 

Not  double. 

DM.  21°2434.     A.G.  4563. 

This  is  a 

nebula.     Marked  "  multiple  "  in 

Marked  ' 

dupl.?"   in   one   zone  in    A.G. 

a  =  12k  3im  49B.01     ;     8  =  +20"  47'  14".8 

Catal. 

1902.373     Probably  double. 

DM.  24°3080.     A.G.  5764.     9-  ;  11»'.5. 

DM.  23°19 

78.    A.G. 

3449.    9^.2 

10«.2. 

Marked    "dupl.?"   in    one   zone   in   A.G. 

a  =  10k50' 

"28^76     ;    8  =+24°  41' 22  ".3. 

a  =  Sk  31 

m  48.14      . 

S  =  +23°  35' 

49".3 

Catal. 

1902.411 

209.6           2.20 

1902.291 

7.9 

1.61 
1.52 

.502 

213.9           2.12 

1903.151 

5.8 

DM.  23°2528.     A.G.  4672. 

.504 

209.4           1.84 

1903.162 

7.5 

1.65 

a  =  12k  57m  42S..50     ;     8  =  +23°  29'  4".2 
Single.     Marked  "dupl.  2-3  sec.  comp.  less 
than  9""  in  A.G.  Catal. 

.695 

210.9           2.09 

1902.868 

7.1 

1.59 

M. 

1902.528 

210.9           2.06         M. 
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DM.  23°31 

a  =  n"  33 

t 

1902.411 
.504 
.698 

51.     A.G 

'  39''.01     ; 

172.°4 
170.5 
173.4 

6056.     9» 

8  =  +22°  58 

Po 

2.65. 

2.81 

3.02 

9  ".3. 

11  ".2. 

DM. 

a  =  20''  4" 

1902.583 
Marked  " 

DM.  24.420 
a  =  20''  33" 
t 

1902.693 
.706 
.766 

24°4017. 

41M2     ; 
Uncertai 
lupl.  •."."• 

2.    A.G. 
50^64     ; 

218^7 
218.3 
217.5 

A.G.  7504 

8  =  +25°  2' 
n. 
n  one  zone  in 

7824.    8".6 

8  =  +24°  49 

Po 

10.41 
10.30 
10.66 

41  ".6. 

Catal. 

10>'.2. 
52".4. 

DM.  20°5007. 
a=21''41'"25'.38     ; 
t                     6o^ 

1902.695         233.°4 
.766         232.6 
.826         234.4 

A.G.  8383. 

8  =  +20°  42' 31 '.5. 
Po 

2.05 
2.19 
2.05 

172.1           2.83 

40.     A.G.  6078.     9" 

'  19».02     ;     S  =  +20°19 

127.7           2.33 

128.5           2.46 

133.0           2.30 

M. 

9".5. 
49".3. 

1902.538 
DM.  20°35 

a  =  17'"  3(i' 

1902.411 

1902.762         233.5 

DiM.21°4711. 

a  =  22''8'"26'.61     ; 

1902.785         230.6 

.826         230.6 

1903.088         232.4 

1902.900        231.2 

DM.  21°4718.     A.G 
a  =  22''  10""  6Mo     : 

1902.785           19.1 
.804           20.6 
.826           19.4 

1903.088           26.1 

1902.876           21.3 

DM.  23°4600. 

a  =  22"  40'"  2'.S3     ; 
1902     Single. 

Marked  "obi?"  in  o 

DM.  22°4769.     A.G 
o  =  22''  oS-'  54'.80     ; 
1902.785         22S.3 
.807         224.8 

2.10         M. 

A.G.  8560. 
8  =  +21°  18'  l'.6. 

.504 
.531 

1902.722 
DM.  24°42 

a  =  20''  41" 

1902.695 
.766 
.818 

218.2 

35.     A.G 

'  16«.G6     ; 

355.7 

357.5 

359.3 

10.46 

.7921.     9>' 

8  =  +24°  19 

1.43 

1.81 

1.80 

M. 

;  9".l. 
55".5. 

5.00 
4  82 

1902.482 
DM.  2i.;;3 

tt  =  lSi'  15 
1902.515 

129.7           2.36         C. 

86.     A.G.  6410.     9"   :  9".2. 
"46».91     ;     8  =  +21°17'20".7. 

191.6           1.56 

197.0           1.34 

197.0           1.43 

193.9           1.43 

194.9           1.44         M. 

24°3423.     A.G.  6481. 

''27".24     ;     8  =  +24°  IS' 58". 7. 
double, 
dupl.  i)r.  med."  in  Catal. 

24°3798.     A.G.  7129. 
'  53».62     ;     8  =  +24°  30'  24".6. 
Not  double, 
obi.?"    in    one    zone    in    A.G. 

94.     A.G.  7387.     9"  ;  10".4. 
"'57".5(i     ;     8  =  +21°52'4".8. 

278.2  1.21 

273.3  0.96 
275.2           1.31 

4.96         M. 

8568.     S-.S  ;  9«.8. 
8  =  +21°27'13'.0. 

.698 
1903.266 
1902.400 

1902.970 
DM 

a  -  IS''  23" 

1902.760         357.5           1.68 

DM.20°4822.    A.G.  8079.    8".8 

a  =  21i'0"'5».62     ;     8  =  +20°  29' 
1902.695         173.4           7.64 
.766         172.9           7.38 
.818         176.8           7.63 

M. 

10«.4. 

6".2. 

1.68 
2.26 
1.94 
1.64 

1.88         C. 
A.G.  8733. 

1902     Not 
Marked  " 

DM 

a  =  19''  31' 

1 902.559 
Marked    ' 

1902.760 

DM.  22°44 
a  =  21''  35 

1902.695 
.818 
.826 

174.4           7.55 

55.     A.G.  8332.     9« 

"0'.29     ;     8  =  +22°  54' 

153.2           8.74 

153.1           8.76 

154.1           8.53 

M. 

;  9^'.5. 

27".4. 

S  =  +20°51'12".0. 
le  zone  in  Catal. 

.8840.     9>'  ;  9\5. 
S  =  +22°37'2M. 
2.04 
1.80 

Catal. 

1902.780         153.5           8.68 
DM.21°4611.     A.G.  8379.     9«.2 

a  =  21'' 40"' 53".  11     ;     8  = +21°  28 

1902.695         356.4           1.88 
.818        358.1          1.66 
.826        359.2          1.69 

1902.780         357.9           1.74 

M. 

;  9".5. 

40  ".8. 

M. 

DM.  2r39 

a  =  19"  53 

1902.515 
.824 
.848 

1902.796         226.6 

DM.  22°4936. 
a  =  23''  54'"  1».71     ; 
1902.766     Single. 
Marked  "dupl.? "'  in 

1.92         C. 

A.G.  9171. 
8  =  +22°  53'  50'.2. 

1902.729 

275.6 

1.16 

]\r. 

Catal. 

Indiana   University,   liloominriton.,  Ind. 


OBSERVATIONS  OF  THE   STAK   KRUEGEJi  (iO. 


m.\de  with  the 
By   E.   E. 

In  1890  Professor  Bukxham,  at  the  Lick  Observatory, 
measured  a  list  of  stars  noted  by  Kruegkk  as  double  in  his 
catalogue  of  the  Astronomische  Gesellschaft. 

In  the  Astronomical  Journal,  486,  p.  47,  Mr.  Eric 
DooLiTTLE  gives  a  list  of  measures  of  No.  60  of  this  list, 
and  shows  that  the  stars  ..1  and  B  had  greatly  changed 
their  places  when  compared  with  the  measures  of  Professor 
liuRNiiAM  in  1890. 

In  concluding,  l\Ir.  Doolittle  says  :  '•  Though  the  meas- 
ures are  so  few,  they  indicate  that  tliere  is  liere  a  faint 
star  with  a  large  proper  motion,  attended  by  a  minute 
companion,  which  either  has  a  large  projier  motion  of  its 
own,  or  else  is  in  rajiid  revolution  about  the  primary." 


40-INCn    TF.I.E.SCOPE, 

BAKNARD. 

\Yhen  !Mr.  Doolittlk's  measures  were  published,  it 
appeared  to  me  wholly  improbable  that  two  faint  stars,  so 
near  each  other,  should  have  such  motions  without  being 
physically  connected.  In  A.J.  488,  p.  64,  I  have  printed 
some  measures  which  I  obtained  in  1900  of  these  objects. 
These  clearly  showed  the  motion  assigned  to  the  stars  by 

Mr.  DoOLITTLE. 

Acting  upon  the  assumption  that  A  and  B  must  be  a 
binary  system,  I  have  since  carefully  measured  these  stars, 
and  the  measures  of  the  present  year  clearly  show  that  the 
motion  of  B  with  reference  to  -1  cannot  be  rectilinear  even 
when  compared  with  my  measures  of  1900.  1901  and  1902 
•alone.      If    compared   with    the    measures    of    Professor 
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BuRNHAM  in  1890  it  will  be  seen  that  his  distance  AD  must 
be  nearly  2"  too  small  to  even  suggest  rectilinear  motion. 

Following  are  a  continuation  of  the  measures  of  1900 
printed  in  A.J.  488,  p.  64. 

Observations  in  I'.IOI. 
A  and  Jl. 


1901.729 

Sept 

23 

130.05 

3.37 

.731 

24 

129.11 

3.39 

9.5  10.5 

.748 

30 

131.50 

3.37 

.751 

Oct. 

1 

131.65 

3.25 

.783 

13 

129.69 

3.31 

.805 

21 

130.59 

3.26 

9.2  10.5 

"  .827 

29 

130.59 

3.22 

1901.768 

A 

130.45 
and  C. 

3.31 

9.3  10.5 

1901.729 

Sept 

23 

59.65 

37.17 

.731 

24 

59.84 

37.19 

9.5 

.748 

30 

59.86 

37.29 

.751 

Oct. 

1 

59.52 

37.14 

.783 

13 

59.63 

37.42 

.805 

21 

59.48 

37.35 

9.7 

.827 

29 

59.49 

37.33 

1901.768 

A 

59.64 
and  D. 

37.27 

9.6 

1901.783 

Oct. 

13 

23.56 

21.53 

15 

.805 

21 

23.04 

21.71 

15.3 

.827 

29 

23.07 

21.78 

1901.805 

A 

23.22 
and  E. 

21.67 

15.1 

1901.729 

Sept 

23 

98.93 

68.18 

12 

.731 

24 

99.14 

68.47 

12 

.748 

30 

99.06 

68.62 

Single  distances. 

.751 

Oct. 

1 

98.92 

68.20 

.783 

13 

99.01 

68.30 

.805 

21 

98.91 

68.37 

11.3 

.827 

29 

98.83 

68.61 

1901.768 

A 

98.90 
and  F. 

68.39 

11.8 

1901.729 

Sept 

23 

275.36 

39.60 

14 

.731 

24 

274.78 

39.52 

14 

.751 

Oct. 

1 

275.20 

39.60 

.783 

13 

275.33 

39.51 

15 

.805 

21 

275.34 

39.52 

15 

.827 

29 

275.53 

39.55 

1901.771 

275.26 

39.55 

14.5 

Obs 

EKVATIONS  IN 

1902. 

A 

and  B. 

1902.744 

Sept 

29 

127.25 

3.33 

.764 

Oct. 

6 

128.17 

3.43 

.766 

7 

126.73 

3.35 

.786 

14 

126.06 

3.35 

1902.765 


127.30       3.37 


1902. 


744 
764 

7(16 
786 


Sept.  29 
Oct.      6 

14 


59.64 
59.69 
.59.(;4 
59.60 


38.27 
38.09 
3S.31 
38.49 


1902.765 


1903.380 
.418 
.437 
.454 
.473 
.492 
.495 
.511 
.514 


59.64     38.29 


Observations  in  1903. 
A  and  B. 


IMay 
June 


July 


19 

9 
15 

29 

30 

6 


122.36 
122.34 
123.85 
123.49 
123.47 
124.90 
125.96 
121.31 
123.18 


3.32 

;;.42 
.•;.4o 

3.37 
3.33 
3.36 
3.26 
3.51 
3.30 


9.5     11.0 


1903.464 


1903.380 
.396 
.418 
.437 
.4.54 
.473 
.492 
.495 
.511 
.514 


123.43       3.36       9.5     11.0 


May  19 


June 


July 


9 
15 
22 
29 
30 

6 


59.55 
59.57 
58.89 
59.19 
59.35 
59.59 
59.57 
59.22 
59.54 
59.70 


38.59 
38.67 
38.83 
38.75 
38.70 
38.73 
38.73 
38.73 
38.83 
38.70 


1903.457 


1903.437 
.454 
.473 
.495 
.511 
.514 


59.42     38.73 


June 


July 


97.89 
97.99 
97.87 
97.96 
98.07 
97.78 


69.14 
69.35 
69.18 
69.40 
69.45 
69.49 


13 


1903.481  97.93  69.34 

.1  and  F. 

1903.473       June  22       277^24  38"46 

.495  30       276.84  38.45 

.511       July     6       277.06  .38.33 

.514  7       277.09  38.50 


13 


13 

12.5 

12 


1903.498 


1903.511 
.514 


July     6 


277.06     38.43 


24.68     22.74 
24.09     22.82 


12.5 


15 


1903.512 


24.39     22.78 


15 


Following  is  a  complete  list  of  all  the  measures  of  these 
stars  that  are  known  to  me.  Professor  Burnham  has 
kindly  supplied  me  with  his  yet  unpublished  measures. 
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1890.79 
1898.45 
1900.74 
1900.94 
1901.37 
1901.77 
1902.76 
1902.81 
1903.43 
1903.46 


1890.79 
1898.45 
1900.74 
1900.94 
1901.37 
1901.77 
1902.76 
1902.81 
1903.43 
1903.46 


1900.94 
1901.80 
1903.51 


1900.94 
1901.34 
1901.77 
1903.48 


178.8 
140.7 
134.0 
133.4 
1.31.4 
130.4 
127.4 
126.5 
123.5 
123.4 


56.3 
58.7 
59.2 
59.3 
58.6 
59.6 
59.7 
59.4 
58.5 
59.4 


3.19 
3.18 
3.25 
3.35 
3.31 
3.37 
3.36 
3.31 
3.36 


26.82 
34.39 
36.18 
36.71 
36.55 
37.27 
38.23 
38.29 
38.61 
38.73 


9.0 
9.1 
9.1 
).l 


12.0 
10.5 
11.1 
10.5 


9.5       11.0 


9.3 
9.4 
9.4 
9.4 


21.0  21.29 
23.2  21.67 
24.4     22.78 


99.0 
98.5 
98.9 
97.9 


67.83 
67.08 
68.39 
69.34 


15.5 
15.0 


13.0 


13.0 


190177   275.3  39.55 
1903.50   277.1  38.43 


12., 


In 
5n 
4« 
4/1 
An 


47t 


971 


In 
on 
Ak 

4?j 

471 

7;i 
Zn 
4?i 

571 

IOti 


Zn 
on 


3«. 

7?i 

671 


Qn 
4?i 


Doolittle 
Doolittle 
Barnard 

n 

Barnard 
Barnard 

n 

Barnard 


Doolittle 
Doolittle 
Barnard 

Barnard 
Barnard 
/3 

Barnard 


Barnard 
Barnard 
Barnard 


Barnard 

n 

Barnard 
Barnard 


Barnard 
Barnard 


In  the  inclosed  diagram  I  have  plotted  the  observations 
of  the  stars  AD.  The  measures  will  be  easilj-  identified  on 
the  diagram,  and  to  prevent  confusion  I  have  not  inserted 
the  dates.  Professor  Burniiam'.s  measures  of  1901,  1902 
and  1903  were  received  after  the  diagram  was  made,  and 
have  not  been  inserted.  They  would  not  materially  change 
the  results.  I  have  roughly  drawn  a  curve  through  the 
measures  to  give  some  rough  idea  of  what  may  be  the  form 
of  the  path  of  B. 

In  inspecting  this  diagram,  it  might  be  said  that  if  we 
allow  a  very  large  error  in  J>uunuam's  distance  of  1890  — 
which  is  improbable  —  that  the  observations  made  since 
1898  can  be  represented  by  a  straight  line.  It  will  be 
seen,  however,  that  the  position  angle  is  diminishing  at  a 
uniform  rate,  while  the  distance  is  essentially  stationary. 
Tliis  could  only  approximately  occur  for  a  short  time  in 
rectilinear  motion  when  the  stars  were  at  their  nearest 
approach.  Assuming  this  to  be  the  case,  then  to  reconcile 
my  last  observation  with  this  idea,  Buhxham's  distance  of 


1890  would  have  to  be  increased  as  much  as   3"  or  4" 
which  is  asking  too  much. 

180" 


The  mean  angular  motion  previous  to  1898  was  about  5°. 
Since  then  it  has  been  between  3°  and  4°.  The  change  of 
angle  between  1902  and  1903  seems  too  large,  but  the 
measures  appear  to  be  good  in  both  years,  and  they  are 
verified  by  Burnham's  measures. 

From  the  observations  of  AC  Mr.  Doolittle  determined 
the  motion  A  to  be  0".93  in  the  direction  247°.9.  Using 
my  measures  of  this  year  and  Birxuam's  of  1890,  I  make 
the  motion  to  be  0".951  in  the  direction  of  246°.3.  Re- 
duced to  rectilinear  coordinates  this  motion  is 


In  a     -0.871  or 
In  8      -0.382 


-1.606 


From  the  foregoing  observations  and  remarks  it  would 
appear  that  we  have  here  a  verj'  rare  case  of  a  binary  sys- 
tem, where  the  components  are  of  the  9th  and  11th  magni- 
tudes, with  an  apparent  distance  of  over  three  seconds  of 
arc,  which  in  all  probability  has  a  period  well  within  one 
hundred  j'ears,  and  which  has  a  large  apparent  proper 
motion  through  space. 

These  considerations  would  lead  one  to  think  that  this 
star  may  possibly  be  relatively  near  to  our  solar  system. 
With  this  last  idea  in  view,  I  have  made  observations  of  A 
with  reference  to  some  of  the  surrounding  stars  in  the  hqpe 
of  getting  some  evidence  of  parallax.  Some  of  these  meas- 
ures are  included  in  the  present  paper.  Tlie  measures  so 
far  nuxde,  show  that  the  parallax  can  not  be  large. 

On  May  25,  1903,  the  position  of  A  was  measured  with 
reference  to  the  star  Helsingfors-Gotha  A.G.C.  13177. 
Ja  =  0"'  14".13  from  10  transits. 
.^S  =  2'  41".26  from  2  measures. 
A  was  north  preceding. 
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This  gives  for  the  position  of  A  (corrected  for  motion), 

1003.0     a  =       22'-  24""  32*.G9 
lOO.S.O     8  =  +57°  12'  38".o 

In  my  i)aper  on  this  object  in  .-i.J.  488,  p.  04,  the  last 
distance  for  AB  is  printed  2".23.  It  should  have  been 
3".23.  In  this  same  paper  I  have  erroneously  called  the 
system  of  AB,  /31291.  Professor  Buhnham  has  already 
assifjned  this  number  to  another  star. 

While  observing  these  stars  in  1901  I  noticed  a  rather 
widev double,  verj-  much  like  AB,  and  whose  position  for 
1855.0  is 

a  =  22"  lO""  42».8     ,     S  =  +57'  6'.3 
rci-tct  OhKervatory,    Williams  liny,   Wis.,  1903  July  10. 


The  following  measures  have  been  made  of  this  object : 


1901.731 
.805 


Sept.  24 
Oct.    21 


247.04 
247.19 


2.99 
3.11 


9.5 
9.0 


12.0 
11.0 


1901.7G8 

247.11 

3.05 

9.2 

11 

5 

1903.473 

June 

22 

248.79 

a.09 

.511 

July 

6 

247.62 

3.04 

.514 

7 

246.68 

3.25 

1903.499  247.70         3.13 

There  seems  to  be  no  change  in  thi.s  star. 

There  is  also  another  small  double  in  this  region  which 
I  have  so  far  only  located  as  being  15' ±  preceding 
Krueger  60. 


1902 
1903 


Sejit.  29 
June  15 


260.15 
202.50 


1.37 
1.41 


10 


11 


ON   THE   KBLATIVE  VALUES   OF   THE   MICROMETERS  AND   THEIR   TEMPER- 
ATURE-COEFFICIENTS   AT    THE    SIX    INTERNATIONAL 
LATITUDE    STATIONS, 

By  H.  KIMURA. 


The  large  mean  deviation  of  the  reduction  to  tlie  group 
mean  at  Tschardjui,  given  on  page  120  of  "  Besultate  des 
Internationalen  Breitendienstes,"  Bd.  I,  by  Prof .  Albrecht, 
arouses  my  doubt  that  it  partly  comes  from  the  error  of  the 
adopted  value  of  the  micrometer.  The  existence  of  such 
errors  for  all  the  stations  has  been  proved  by  the  calculation 
of  Mr.  Nakaxo,  who  had  earlier  noticed  the  same  matter. 
His  results  given  below,  as  A  in  Table  I,  are  obtained  by 
the  following  process  :     First,  for  each  pair  were  formed 


the  differences  between  the  individual  values  of  the  re- 
duction to  the  group-mean  and  the  mean  of  all,  the  data 
being  taken  from  pp.  114-118  of  the  above-named  report. 
Prom  the  differences  thus  formed  for  the  six  pairs  in  each 
group  belonging  to  each  station  by  the  method  of  least- 
squares,  the  following  values  A  were  derived,  the  coetHcients 
of  the  unknown  quantity  A  being  (z/s — ^s„),  where  Jz  is 
the  semi-difference  of  the  zenith-distances  of  two  stars  in 
each  pair,  and  /lz„,,  the  mean  of  all  J~  in  the  grouji. 


Table  I. 

(unit  0".0O01). 


Group 

Mizusawa 

Tschardjui 

Carloforte 

Gaithersburg 

Cincinnati 

Ukiah 

A 

JA 

A 

JA 

A 

JA 

A 

JA 

A 

JA 

A 

JA 

I 

-  23 

_     7 

-186 

+   44 

+  170 

+   15 

-   83 

-  40 

+   28 

-48 

+  80 

+   9 

II 

-  95 

-   79 

-   50 

+  180 

+   64 

-   91 

-  86 

-   43 

+   88 

+  12 

+   86 

+  15    1 

III 

-  35 

-   19 

-146 

+   84 

+  130 

-   25 

-112 

-   69 

+   66 

-10 

+  137 

+  66 

IV 

-155 

-139 

-   62 

+  168 

+  330 

+  175 

-283 

-240 

+   71 

—   5 

+   90 

+  19 

V 

-  37 

-   21 

-     8 

+  222 

+  102 

-  53 

-174 

-131 

+   22 

-54 

+   74 

+   3 

VI 

+  28 

+  44 

-181 

+  49 

+   66 

-  89 

-   38 

+     5 

+   51 

-25 

+   90 

+  19 

VII 

+  21 

+   37 

-280 

-   50 

+  231 

+   76 

-   33 

+   10 

+   59 

-17 

+   70 

-   1 

VIII 

+  36 

+   52 

-293 

-   63 

+   51 

-104 

+   53 

+   96 

+  111 

+  35 

+   48 

-23 

IX 

+   18 

+  34 

-319 

-   89 

+   96 

-  59 

+  48 

+   91 

+   66 

-10 

+   90 

+  19 

X 

+  30 

+  46 

-582 

-352 

+259 

+  104 

+  99 

+  142 

+  104 

+  28 

+  115 

+  44 

XI 

+   15 

+  31 

-376 

-146 

+  146 

-     9 

+  109 

+  152 

+  162 

+86 

-  16 

-87 

XII 

+   11 

+   27 

-282 

-  52 

+  222 

+  67 

-   16 

+   27 

+   83 

+   7 

-    16 

-87 

1    Mean 

-0" 

0016 

-0". 

0230 

+  0". 

0155 

-0" 

0043 

+  0". 

0076 

+  0". 

0071 

The  mean  values  in  the  last  line  are  the  relative  constant  errors  of  the  micrometers. 


Now,  from  the  above  results,  I  have  tried  to  find  the 
temperature-coefficients  of  the  micrometers  for  the  six 
stations.  It  is,  however,  a  quite  difficult  matter  to  de- 
termine their   absolute  values,   because  the  general  con- 


ditions of  the  temperature-variations  at  all  the  stations 
resemble  each  other,  and  heuce  their  mutual  dependencies 
cannot  be  wholly  avoided.  Thus  I  have  aimed  here  to  find 
the  relative  amounts  of  the  coefficients  which  have  been 
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brought  as  near  to  the  absolute  as  possible, 

ZJa.f 


matical  form  of  A  is     JM 


Ju.t  — 


The  mathe- 
where  JM 


is   the  relative  constant  correction    of   the   value    of   the 
micrometer  ;z/«,  the  correction  of  the  teniperature-coefBcient; 

2:ja .  t 
t,  the  mean  temperature  for  a  group  ;  and  — ^ —  ,  the  mean 

of  Ja.t  for  all  the  stations  in  each  group.  J  A,  the  differ- 
ence from  the  mean  given  in  Table  I,  is  therefore  in  the 
2:Ja.{t-t„) 


expression  of    Ju.{t  —  t„) 
mean  of  t  for  each  station 


where  t„  is  the 


assumed  that,  —  in  the  three  stations,  Mizusawa,  Gaithers- 
burg  and  Cincinnati,  where  the  temperature-coefficients 
have  alreadj'  been  applied,  —  the  employed  coefficients 
are  correct,  namely,  Ju  =  zero.  Then  the  mean  of  JA 
for   these   three   stations   will   give   nothing    more    than 


Apply  this  value  of 


2:Ja.it-Q       ^ 


6  ■     "'''■•'  -""  6 

all  z/.l's.  and  find  Ja  for  all  the  stations  by  the  method  of 


least-squares.     Next  form 


with  Ju  newly 
From  the  sums, 


For  finding  Ju  from  these  differences,  I  have,  first  of  all, 

Table  II 


found,  and  add  them  to  the  original  JA 
by  least-squares,  the  following  values  of  the  temperature- 
coefficients  are  obtained  : 


For  1' 

Mizusawa 

Tschardjui 

Carloforte 

Gaithersburg 

Cincinnati 

Ukiah 

Ju 

Adopted  u 

-0.00005 
-0.00205 

-0.00192 
0 

-0.00066 
0 

+  0.00063 
-0.00142 

-0.00018 
-0.00141 

-0.00173 
0 

Corrected  u 

-o'0O210 

-0.00192 

-0.00066 

-0.00079 

-0.00159 

-0'00173 

For  the  comparison,  I  give  here  the  calculated  A  with 
the  above  numbers. 

Table  III. 
Calculated  A  (unit  0".0001). 


Group 

Mizus- 
awa 

Tschard- 
jui 

Carlo- 
forte 

Gaithers- 
burg 

Cincin- 
nati 

Ukiah 

I 

-25 

-182 

+  132 

-   50 

+   66 

+  76 

II 

-45 

-126 

+  139 

-125 

+  58 

+  114 

III 

-59 

-  44 

+  132 

-153 

+  46 

+   93 

IV 

-61 

+   19 

+  138 

-164 

+  44 

+   77 

V 

-45 

-  85 

+  151 

-137 

+   65 

+   65 

VI 

—  22 

-203 

+  169 

-100 

+  77 

+   90 

VII 

-14 

-280 

+  172 

-  49 

+   74 

+  111 

VIII 

+  r, 

-355 

+  177 

+     7 

+  87 

+   95 

IX 

+  24 

-406 

+  177 

+  55 

+  101 

+   66 

X 

+  34 

-415 

+  172 

+  91 

+  110 

+  24 

XI 

+  31 

-386 

+  162 

+  88 

+  107 

+   13 

XII 

+   3 

-285 

+  143 

+  32 

+  84 

+  38 

Now,  after  correcting  the  reductions  to  the  group-mean 
by  the  calculated  A,  as  the  relative  errors  of  the  values  of 
the  micrometers,  I  have  found  the  mean  deviations  for  the 
six  stations  to  be 

Mizusawa  ±0.033  I  Gaithersburg  ±0.028 
Tschardjui  ±0.045  Cincinnati  ±0.034 
Carloforte        ±0.046     |     Ukiah  ±0.026 

and  those  for  the  order  of  the  differences  of  the   zenith- 
distances  to  be 


0-  ±1.0 

±1.0-  ±2.0 

±2.0-  ±3.0 

±3.0-  ±4.0 

±4.0  -  ±5.0 

±6.0-  ±7.0 

±7.0-  ±8.0 


±0.032 
±0.038 
±0.035 
±0.033 
±0.033 
±0.036 
±0.061 


These  numbers  show  that  the  corrected  individual  value 
of  the  reduction  to  the  group-mean  has  no  considerable 
dependence  either  upon  the  stations  or  upon  the  differ- 
ences of  the  zenith-distances. 

It  will  however  be  noted  that  this  discussion  would  fail 
if  there  is  any  abrupt  displacement  or  readjustment  of 
the  focus.  At  my  station,  in  the  autumn  of  1901,  the  read- 
justment of  the  focus  was  made,  but  fortunately  the  scale- 
reading  on  it  remained  sensibly  unchanged. 

The  corrections  for  the  errors  of  the  values  of  the 
micrometer  upon  the  final  mean  values  (from  the  six 
stations),  of  the  reductions  to  the  group-mean,  of  the 
group-differences,  and  of  the  corrections  to  the  aberration- 
constant,  are  slight  in  the  present  case,  rarely  rising  to 
±0".02.  But  at  those  stations  in  which  the  errors  of  the 
values  of  the  micrometers  are  pretty  large,  the  final  lati- 
tudes may  be  thereby  affected  directly  and  considerably, 
because,  although  Jzjs  were  chosen  so  as  to  be  zero  at  a 
certain  epoch,  they  will  become  pretty  considerable,  as 
time  elapses,  on  account  of  the  precession.  Thus  I  dare  to 
say  that,  for  the  latitude-work  of  the  high  precision  at  the 
present  time,  such  systematic  errors  of  the  values  of  the 
micrometers  ought  not  to  be  wholly  neglected. 

There  exists  still  another  kind  of  corrections  for  the 
calculation  of  the  latitude-variation.  They  come  from 
some  terms  of  the  nutation  of  short  period  which  are  neg- 
lected in  the  Ja/irbneh,  the  maximum  double  amplitude 
being  0".0G.  These  might  of  course  have  a  slight  effect 
upon  the  mean  latitude  of  a  grouji,  especially  in  oases  when 
the  group  was  observed  on  the  days  for  which  the  cor- 
rections of  this  kind  have  mostly  the  same  sign. 

Mizusawa  luturnational  Liilituile  Station,  1003  June. 
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OBSEHVATIOXS   OF   COMET  c  1903  (borhelly), 

MADK     WITH     TUB     lli-I.NTII     KQITATOHIAL     AT    TUK     V.  S.     NAVAI,    OUSEI! VA TOltV, 

Ry  THEO  1.  KING. 
[Communicated  by  Rear  Admiral  C.  M.  Ciiksteii,  U.S. X.,  Superintendent.] 


Washington  M.T. 

* 

Coini). 

zJa 

j8 

Ap]..  a 

A,,,..  8 

log /'A 

Hoil.  to 

Ai-p.  I'l. 

I'jui            h       111      8 

June  29  15    2  52.3 

1 

29,6 

+  r40.09 

+ 

6 

33.4 

1 
21 

42  52.63 

+   0 

55     0.5  «8.3458 

0.7315 

+  2*65 

+  15.7 

30  14  53  1«.7 

2 

30  ,  6 

+0  56.88 

+ 

0 

54.8 

21 

40  53.07 

+   2 

33  58.7  «8.4703 

0.7148 

+  2.69 

+  15.4 

July    115    5    8.1 

3 

30  ,  6 

+  1  16.18 

_ 

4 

27.6 

21 

38  35.79 

+   4 

19  22.1     7.8216 

0.6960 

+  2.73 

+  15.1 

2  14  59  28.5 

4 

30  ,  6 

+  3     4.92 

+ 

2 

46.7 

21 

36     1.35 

+  6 

13  58.6     7.9222 

0.6741 

+  2.77 

+  14.9 

()  15  32  42.0 

5 

30  ,  6 

+  2  42.58 

+ 

7 

9.6 

21 

21   19.32 

+  16 

12  16.5     9.1429 

0.5379 

+  2.94 

+  13.8 

7  14  40    7.9 

6 

30  ,  6 

+  0  40.32 

_ 

1 

6.2 

21 

16  21.76 

+  19 

15  39.7     8.7066 

0.4686 

+  2.99 

+  13.5 

--     7  15    2  25.3 

7 

30  ,  6 

-1  22.40 

_ 

4 

49.1 

21 

16  16.62 

+  19 

18  45.8 

8.9901 

0.4724 

+  2.99 

+  13.4 

8  14  57  50.9 

8 

30,6 

+  2  39.44 

+ 

6 

52.8 

21 

10  16.43 

+  22 

48     8.3 

9.0468 

0.3943 

+  3.05 

+  13.2 

9  14  28  35.4 

9 

30,6 

+  1     6.94 

+ 

1 

42.3 

21 

3  20.32 

+  26 

34     4.3 

8.8714 

0.2751 

+  3.10 

+  12.9 

13  13    132.1 

10 

14,3 

-0  23.00 

+ 

6 

34.6 

20 

18  23.04 

+44 

45  26.7 

8.2874 

?i9.9639 

+  3.40 

+  13.0 

15  11  50    1.6 

11 

30  ,  6 

+  1  38.90 

+ 

2 

40.8 

19 

37  31.33 

+  54 

27  10.6  W8.7406 

«0.3742 

+  3.52 

+  14.6 

17    9  49    8.5 

12 

20  ,  4 

-2  15.62 

+  13 

16.9 

18 

34  28.85 

+  62 

39  50.0  W9.4535 

»0.5199 

+  3.38 

+  17.0 

21    9  32  35.5 

13 

24  ,  5 

-4  48.89 

+ 

5 

20.9 

15 

14     4.51 

+  68 

30  34.0  1  9.8358 

7i0.5207 

+  0.74 

+  17.6 

23    9  59  29.1 

14 

29  ,  6 

-0  41.19 

+ 

9 

28  2 

13 

53     3.68 

+  65 

59  44.4 

9.9976 

n9.8306 

-0.15 

+  13.1 

28   8  44  49.2 

15 

30,6 

-3  35.45 

_ 

11 

17.1 

12 

16  49.37 

+  57 

7  44.1 

9.9049 

0.0996 

-0.20 

+   5.1 

Aug.    6    9    0  24.1 

16 

30,6 

-1  25.91 

+ 

0 

55.0 

11 

22  36.37 

+  46 

35  49.7 

9.8189 

0.6495 

+  0.14 

-   1.7 

11    8  43    0.6 

17 

20  ,  4 

+  2  58.13 

+ 

1 

51.8 

11 

0  37.11 

+  41 

3  22.0 

9.7677 

0.7247 

+  0.31 

-   5.0 

Mean  Places 

of  Comparison- Sta' 

'S  for  the  beginning  of  the 

year. 

* 

a 

s 

Authority 

* 

a 

8 

Authority 

1 

21  41     9.89 

+  0  48  17.4 

Nicolajew,  A.G.  5509 

10 

20  18  42.64     +44  38  39.1 

Bonn,  A.G.  14116 

2 

21  39  53.50 

+   2  32  48.5 

Albany, A.G.  7593 

11 

19  35  48.91      +54  24  15.2 

Camb.(U.S.),A.G.6117 

3 

21  37  16.88 

+  4  23  34.6 

Albany,  A.G.  7580 

12 

18  36  41.09  ;   +62  26  16.1 

Hels.-Gotha,  A.G.  9906 

4 

21  32  53.66 

+   6  10  57.0 

Leipzig  II,  A.G.  10845 

13 

15  18  52.66  '   +68  24  55.5    Christiania,  A.G.  2298 

5 

21  18  33.80 

+  16     4  53.1 

Berlin  A,  A.G.  8723 

14 

13  53  45.02  '   +65  50    3.1     Christiania,  A.G.  2079 

6 

21  15  38.45 

+  19  16  32.4 

Berlin  A,  A.G.  8695 

15 

12  20  25.02     +57  18  56.1    Hels.^Gotha,  A.G.  7156 

7 

21  17  36.03 

+  19  23  21.5 

lPeg..Newc.Fund.Cat. 

16 

11  24     2.14     +46  34  56.4    Bonn,  A.G.  8060 

8 

21     7  33.94 

+22  41     2.3 

Berlin  B,  A.G.  8126 

17 

10  57  38.67     +41    135.2    Bonn,  A.G.  7881 

9 

21     2  10.28 

+  26  32     9.1 

Camb.(Eng.)A.G.12121 

BROOKS'S  PERIODICAL   COMET,   NOVA  GEMINORUM. 

A    dispatch   from   Prof.  Campbell,   received    Aug.  19,    at   Harvard   College  Observatory,   states   that  Brooks's 
periodical  comet  was  found  by  Aitken  at   the  Lick  Observatory,  on  Aug.  18,  in  the  following  position  : 

1903  Aug.  18.8500  Gr.  M.T.,     a  =  21"  10"'  11'.3     ,     8  =  -27°  4'  19" 

Also,  that  the  spectrum  of  Nova   Geminorum  was  observed  on  Aug.  17,  by  Cuktis.  to  be  of  the  nebular  type. 


CORRIGENDUM. 

No.  .544,  p.  154,  col.  1,  line  19  from  top  ;    for     +82°.0    put    +S82°.0. 
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MEAX   RESULTS   OF   THE   MEASURES   OF   227   DOUBLE   STARS, 

By  EHIC  DOOLITTLE. 


The  double  star  work  at  the  Flower  Observatory  during 
the  past  three  j'ears  has  consisted  of  the  measurement  of 
somewhat  more  than  1000  pairs.  These  pairs  were  selected 
as  follows ;  (1),  about  550  Burxham  stars,  including 
those  which  are  in  rapid  motion,  or  on  which  there  are  no 
recent  measures ;  (2),  about  300  Hough  stars,  the  intention 
being  to  re-measure  during  the  next  few  years  all  of  the 
stars  discovered  by  Dr.  Hough  ;  and  (3),  about  150  miscel- 
laneous pairs,  including  the  binaries  of  which  Dr.  See  has 
computed  the  orbits,  and  several  neglected  stars  of  Stone, 
the  Washburn  Observatory,  Berlin,  etc.  Each  star  was 
measured  on  an  average  of  from  three  to  four  nights,  each 
night's  observation  consisting  of  at  least  four  measures  of 
double  distance,  and  four  of  position  angle. 


These  measures  will  in  time  be  published  as  Vol.  II, 
Part  II,  of  the  Publications  of  the  Flower  Observatory ; 
as  this  volume  will  probably  not  appear  for  some  time,  it 
is  thought  best  to  publish  now  a  few  of  the  results. 

In  the  following  table,  the  stars  are  arranged  in  the 
order  of  their  right-ascensions,  and  to  save  space  the  right- 
ascensions  and  declinations  are  not  written.  The  fifth 
column  refers  to  the  notes  at  the  foot  of  the  table,  and  the 
sixth  shows  the  number  of  nights  of  observation  on  each 
star.  Stars  for  which  orbits  have  been  computed  are 
marked  with  an  asterisk. 


Star 

Date 

9 

P 

Notes 

n 

Star 

Date 

e 

P 

Xotes 

n 

Star 

Date 

e 

P 

Notes 

n 

/3484 

1902.11 

156A 

L80 

a,o 

3 

/3  396 

1902.71 

66°9 

1.27 

a,  0 

3 

OJE52 

1901.01 

117:1 

0^73 

V 

3 

/3  253 

1901.76 

46.5 

0.60 

a,  0 

6 

Ho.  213 

1901.86 

203.0 

0..34 

t,y 

2 

/3S4 

1901.90 

23.1 

0.69 

t 

3 

/?  485 

1901.81 

300.3 

0.41 

c 

5 

/3 1228    1900.83 

278.1 

0.80 

A'j 

2 

/3  878 

1901.99 

69.4 

1.51 

g 

1 

/3  1026 

1900.80 

336.6 

0.42 

a,k    2 

/3  235  Art  1900.84 

9.5.9 

0.80 

b 

0 

/3  533 

1901.88 

47.5 

0.61 

c 

3 

^998      1900.78    115.2 

1.18  !    /:    :  3 

/31162    1900.90 

148.8 

0.40 

a,b 

0 

13  1181 

1901.09 

86.7 

0.45  1    0 

3 

^1015    1900.82 

119.4 

0.58 

/ 

3 

/31100    1900.86 

41.2 

0.49 

t 

0 

13  538 

1900.84    132.0 

1.79 

g 

3 

/J779     11901.07 

254.1 

1.05 

c 

4 

/3  503 

1900.78 

132.2 

5.81 

9 

3 

/81184 

1900.96  '■  269.4 

0.53 

z 

3 

(81157  i  1902.71 

86.9 

1.73 

0 

3 

;81229 

1900.81 

291.7 

1.20 

2 

/3  743 

1901.07  ,  249.5 

0.71 

0 

3 

(8  394 

1901.29 

278.9 

1.12    a,  0    4 

j81163 

1901.85 

215.1 

0.34 

v,y 

2 

/8  542 

1900.82  i  188.8 

1.42 

9>y 

3 

/3107 

1900.78 

355.8 

5.96    r/,  h    3 

;8783 

1902.73 

318.1 

0.86 

a,  0 

3 

;31004 

1900.80    138.2 

1.76 

c 

3 

/31158    1902.81 

150.1 

0.41 

b,d\3 

/3S70      1901.85 

53.6 

1.14 

c 

0 

02-80 

1901.63    178.0 

0.71 

e 

3 

^780      1902.71 

141.3 

2.70 

(i,  0  1  2 

/8  509      1900.90 

254.7 

0.68 

k 

3 

*o:ss2 

1901.57    117.7 

0.66 

3 

^3  395       1902.80 

113.6 

0.57 

t    .  1 

l81016    1900.90 

207.8 

0.58 

z 

3 

|8  789 

1901.79    320.9 

1.24 

a,  0 

2 

;8  257      1900.80 

235.0 

0.62      k      2 

/81001  1  1900.80 

4.3 

1.16 

s 

1 

/3  8S2 

1900.85    225.8 

2.35 

9 

4 

/3  866      1900.80 

70.8 

1.55    a,  0     2 

li  260    ,  1902.78 

237.9 

0.77 

b,d 

3 

/31044 

1900.92   227.8 

0.83 

t,y 

4 

/311G0    1901.86 

117.1 

1.28    a,o    2 

/8  515      1902.71 

241.0 

1..50 

a,  0 

2 

•)88S3 

1901.98     70.3 

0.22 

2 

/3  232AB  1900.87 

336.2 

0.30      r      1 

/jS73       1902.77 

24.3 

2.13 

a,  0 

3 

/3  552 

1901.98 

203.3 

0.56 

V 

2 

AC 

1900.84 

294.2 

28.37 

//       4 

/3ir72    1900.82 

241.0 

1.71 

«,.'/ 

2 

/8  313 

( Xo  trace  of 
coinpnnlon) 

4 

;8  781 

1902.86 

28.8 

1.10 

a,  0    4 

j3  518    11902.78 

142.0 

1.55 

a,  0 

4 

02-92 

1901.00 

255.7 

2.97 

h 

3 

/3  496 

1901.82 

2.7 

5.44 

a.o    2 

/3  519      1900.95 

47.4 

0.80      t 

0 

13  1238 

1900.91 

6.0 

1.30 

« 

2 

(8  498 

1902.76 

154.3 

2.82  !  «,  0  1  5 

/J306      1901.75 

20.1 

3.17!  a,  0 

4 

;81047 

1900.87      46.3 

0.30      t» 

1 

/J  1028    1900.80  ,260.5 

2.27      t      2 

/J  83        1901.98 

101.7 

1.03 

c,  e 

3 

)3S86 

1900.97    255.5 

0.99      b 

2 

/3  499      1900.80    347.3 

52.77      f      3 

/?  307        iN"tni.-eof 

/3191 

1901.07      24.3 

3.55    a,  0 

4 

/3  302      1900.82    105.5 

0.61      l>      3 

j8  525       1902.38 

143.3 

0.32 

V 

5 

/3104S 

1901.05    3.52.8 

2.33      s 

3 

Ho.  493  1902.34  1    20.2 

35.14    //.  1/    3 

/8  400       1899.76 

52.8 

23.00  1  h,  11 

S 

fi  1049 

1900.89  ,  297.6 

0.681    * 

2 
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Star 

Date 

e 

P 

Notes 

n 

Star 

Date 

6 

P 

Notes 

n 

Star 

Date 

e 

P 

Notes 
z 

n 
2 

/3  892 

1901.61 

273!3 

1^25 

a,  o\  i 

*21728    1903.31 

19o!o 

0.68 

8 

/31129 

1900.55   337^5 

0.40 

/31055 

1903.13    336.2 

1.52 

z    '  4 

y3  609      1901.83    359.1 

0.81 

a,z     3 

/3142 

1900.56    336.5 

1.61 

b,d 

3 

13  1058 

1901.97    260.2 

0.34 

a,v,y  1 

/3  221      1901.24      48.9 

1.62 

k    [3 

/3  827 

1900.55    266.0 

0.89 

k 

2 

/31242 

1901.85  ,  120.1 

0.42 

a,  z    3 

,8  800    '1901.34    113.2 

2.76 

d      3 

;3  658      1901.60    302.5 

0.51 

t 

2 

Ho.513 

1901.41        3.3 

1.51 

t    |3 

,8  610 

1902.07      15.9 

4.04 

a,s  j  8 

/3  439      1901.61    240.1 

3.12 

c 

4 

13  1021 

1900.92      85.0 

0.63 

z    !3 

Ho.  260 

1902.34    224.3 

0.70 

b    !4 

/3  986    '1901.61,238.5 

4.53 

t 

4 

j8194 

1901.08    275.6 

1.14 

a,  0    4 

,8114 

1902.21    144.4 

1.46 

a,  i  ;  4 

/J  670      1901.60;    44.2 

0.55 

e,e 

3 

OJ'UO 

1902.01    271.4 

0.91 

V      3 

♦21768    1903.49    133.2 

1.28 

8 

7^151      1900.82  1    13.5 

0.63 

2 

02-154 

1900.96 

123.0 

26.45 

4 

^3  612      1901.35,2.37.0 

0.36 

V    .  2 

1901.80  '    14.7 

0.63 

3 

*Siruis 

1903.12 

127.8 

6.31 

1 

,8115    11901.34 

229.2 

1.70 

a,t    3 

1902.76      16.0 

0.51 

5 

01- \  57 

1902.05 

336.4 

0.71 

<:       2 

Ho.  542  1902.34 

263.6 

0.50 

.-,y    3 

P  1209 

1901.67    292.9 

0.47 

z 

2  ' 

j8  89ft 

1900.93 

270.1 

0.75 

/      2 

,8  807    11903.05 

240.1 

1.14 

ci,z    -l 

,8152 

1901.56      97.5 

0.58 

c 

3 

y3  900 

1900.95 

276.2 

1.60 

a,z    2 

,8  346      1902.51 

250.1 

1.40 

b,  y    5 

y3  367 

1901.79    140.3 

0.52 

V 

3 

y31279 

1901.10 

13.4 

1.08 

«,  s    3 

*21888 

1903.44 

186.3 

2.49 

14 

/3  6S 

1901.57    152.4 

1.91 

0 

3 

02-170 

1901.77 

108.7 

1.51 

3 

/3  350 

1901.51 

158.8 

1.19 

k      3 

/3  368 

1901.59  :    87.1 

0.70 

c,  h 

3 

/3  330 

1901.10 

216.0 

1.29 

a,  0 

4 

Ho.  60 

1902.35 

35.7 

0.37 

m 

4 

j8  251 

1901.61    232.4 

3.05 

z 

3 

;81024 

1901.08 

96.9 

1.34 

t,9 

3 

/3  227 

1903.25 

174.8 

2.25 

c,  h 

3 

/3  271      1901.76 

238.8 

3.12 

b,d 

3 

/3  578 

1902.10 

45.5 

2.28 

c,e 

7 

^228 

1903.26 

221.8 

1.05 

c 

3 

/3164      1901.67 

244.1 

0.72 

m 

3 

/3  332 

1901.64 

171.4 

0.90 

f,h 

4 

*21937 

1901.57 

7.0 

0.87 

4 

,8  684      1901.65 

123.6 

1.05 

c 

3 

*(8101 

1901.13 

301.7 

0.61 

4 

1903.34 

15.2 

0.99 

7 

^1212  !  1901.79 

273.6 

0.60 

f,h 

3 

/8  902 

1901.10 

243.1 

1.25 

"'J  9 

4 

*21938 

1903.40 

67.4 

1.01 

7 

Ho.OOS:  1902.15 

119.2 

0.52 

z 

5 

/3581AB 

1900.91 

289.7 

0.44 

b,  V 

3 

*  02298 

1903.40 

186.0 

1.27 

10 

,81213    1901.44 

310.7 

0.85 

t 

3 

AC 

1900.96 

195.5 

4.72 

b,  V 

4 

*21967 

1903.45 

115.1 

0.74 

10 

Ho.610|  1902.15 

239.9 

0.67 

z 

5 

*vil96 

1901.05 

361.9 

1.17 

7 

/3  620 

1901.15 

163.0 

0.67 

a,k 

3 

/3  842      1902.74 

119.7 

1.29 

e,  z 

3 

1903.18 

354.0 

1.21 

4 

,8  946 

1902.40 

147.9 

1.64 

a,g 

5 

/3  375      1902.71 

308.5 

0.81 

a,  z 

3 

/3  205 

1903.04 

230.5 

0.70 

V 

6 

i3  621 

1901.36 

56.8 

0.54 

V 

3 

/31215    1902.76 

271.9 

1.68 

a,  z 

3 

/3  587 

1903.21 

141.1 

0.83 

c 

3 

*2-2032 

1903.39 

214.4 

4.51 

8 

Ho.  179,  1902.74  1258.0 

0.51 

n 

5 

/S589 

1901.48 

216.3 

3.22 

h 

4 

/3  813 

1901.44 

168.2 

1.04 

a,z 

3 

,3  376    1  1902.40  !  150.7 

3.67 

a,  z 

3 

♦2-1356 

1901.09 

113.1 

0.79 

6 

,8  815 

1901.34 

339.3 

9.15 

b,d 

3 

Ho.lSo'  1902.73  1227.6 

0.68 

t 

4 

1903.24 

116.9 

0.80 

3 

,8  817 

1901.52 

328.8 

1.16 

a,  z 

4 

,81216    1901.79    319.2 

0.57 

m 

3 

y3  909 

1901.25 

89.6 

6.28 

h 

3 

*220S4 

1903.42 

205.5 

1.23 

7 

,8  379      1902.22    333.7 

1.27 

a,z 

4 

02215 

1902.53 

210.2 

0.88 

c 

4 

,8  821 

1901.44^313.2 

1.28 

a,  z 

4 

/3172    11902.30        7.4 

0.73 

c 

6 

/31281 

1901.19  1    67.9 

0.96 

t 

3 

,8  823 

1903.46'    11.8 

1.03 

b,e 

3 

/3  291    '1901.81    176.9 

0.44 

b 

2 

/3  1073 

1902.361    41.9 

3.31 

h 

3 

y31118    1901.43    247.2 

0.52 

V      2 

,8  844      1902.31    317.2 

3.14 

a,  z 

3 

,81074 

1901.27  1  203.9 

2.62 

t 

3 

/3  628    i  1903.30  !  352.7 

0.49 

c.    U 

,8 175      1902.37    318.6 

1.39 

a,z 

3 

;8  915 

1901.30 

230.2 

1.47 

h 

4 

^128    !  1902.25' 

324.3 

4.05 

m 

4 

Ho.295  1902.74    327.7 

0.32 

t 

2 

/8  597 

1901.64 

40.6 

0.75 

g 

4 

^1250    1901.47 

68.3 

2.02 

b 

4 

Ho.296  1902.74      73.9 

0.25  ± 

t 

2 

*21523 

1901.21 

148.7 

2.37 

6 

,8  1089    1901.38 

346.9 

0.79 

c 

2 

,8  710    i  1901.80    241.0 

0.42 

P 

3 

1903.31 

142.2 

2.42 

6 

*22173,  1903.41 

326.8 

1.19 

8 

,8  711 

1902.27      44.0 

0.95 

V 

6 

02237 

1901.15 

263.3 

1.28 

c,d 

3 

,3  961      1901.58 

139.8 

8.15 

a,  z 

4 

,8  851 

1902.24  ,  161.1 

2.32 

a,h 

2 

/3  602 

1901.37 

81.7 

0.55 

t 

1 

/J1251    1901.48 

65.1 

1.30 

c 

4 

02489 

1901.99 

49.5 

1.04 

V 

3 

/3  603 

1901.27 

313.2 

0.80 

e 

3 

Ho.  560  1902.34 

89.7 

0.47 

t 

3 

Ho.  197 

1902.70 

103.2 

0.43 

t 

3 

|3  794 

1902.79 

184.1 

0.43 

V 

4 

Ho.  70  '1902.41 

106.5 

0.43 

t 

3 

/3716 

1901.77 

205.3 

1.72 

z 

3 

/3  919 

1901.35 

12.9 

4.46 

t 

3 

*A.C.7     1901.49 

59.8 

1.77 

5 

,3  79       i  1901.65 

85.1 

0.93 

c,e 

3 

/3  28 

1901.86 

7.6 

2.14 

b 

4 

1902.46 

63.0 

1.86 

3 

/3  80      11901.84 

12.1 

0.34 

V 

3 

Ho.  537 

1902.34 

174.3 

1.21 

t,y 

4 

1903.35 

65.4 

1.78 

5 

Ho.3011 1901.75 

351.2 

1.49 

c 

4 

,8  607 

1901.68 

315.7 

1.02 

z 

4 

/3  358      1902.91 

204.1 

4.49 

a,  z 

4 

;31221  i  1902.77 

145.8 

1.93 

z 

6 

*21670 

1901.19 

328.8 

5.99 

6 

*22262  1  1903.45 

257.3 

2.13 

6 

,31149 

1901.79 

305.2 

0.60 

z 

2 

1903.29 

328.0 

6.05 

4 

Ho.  565;  1902.42 

66.4 

0.37 

a,  2  1  4 

/3  720 

1901.84 

170.3 

0.43 

V 

3 

02256 

1901.87 

81.1 

0.68 

b 

3 

*A.C.15|  1903.37 

332.2 

1.54 

7 

02500 

1902.09 

333.0 

0.69 

b 

3 

/31082 

1902.79 

93.7 

1.41 

b 

4 

13  1091  I  1900.52 

29.4 

0.36 

i 

3 

,8  723 

1902.79 

168.1 

3.64 

z 

5 

/3  929 

1901.31 

223.8 

0.61 

m 

3 

,3  641     !  1900.56 

344.1 

1.08 

c 

3 

;8  858 

1901.80 

262.1 

0.66 

c,d 

2 

,8  930 

1901.40 

119.5 

2.90 

t 

3 

P  648      1901.57 

221.7 

1.23 

V 

5 

13  1223 

1902.81 

298.0 

1.28 

z 

6 

/3  799 

1901.37 

248.1 

0.76 

b,d 

3 

/31204    1901.59 

13.8 

0.42 

t 

2 

,81152 

1901.83 

100.3 

0.74 

z 

3 

! 

/3  861      1902.74 

177.2 

1.39 

a,z 

6 

(a)  No  recent  measures  ;  (6)  The  angle  has  certainly  increased  ; 
(o)  The  angle  has  certainly  decreased  ;  (</)  The  distance  has  in- 
creased ;  (p)  The  distance  has  decreased  ;  {,t')  The  angle  has  prob- 
ably increased  ;  (g)  The  angle  has  probably  decreased  ;  (h)  Probable 
increase  of  distance  ;    (i)  Probable  decrease  of  distance  ;    (k)  The 

The  Flower  Observatory,  1903  Aug.  20. 


suspected  change  is  not  confirmed  by  these  measures,  (m)  Observa- 
tions very  discordant  ;  probably  fixed.  ()i)  Observations  very  dis- 
cordant ;  motion  is  probable,  (o)  Fixed  ;  (t)  The  character  of  the 
motion  is  tmcertain  ;  (r)  Rapid  motion  :  (;/)  Further  measures  are 
much  needed  ;    (z)  The  pair  is  probably  fixed. 
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MEASURES   OF   SIRTUS,   ^  BOOTIS  AND  F.  70  OFHTUCHT, 

By  ERIC   DOOUTTLE. 


The  following  measures  were  made  with  the  IS-inch 
refractor  of  the  Flower  Observatory ;  the  fourth  eoluinn 
states  whether,  while  making  the  measures,  the  line  join- 
ing the  eyes  was  Parallel  to  (P),  or  at  Right-angles  to  (iJ), 
the  line  joining  the  stars,  and  the  fifth  column  gives  the 
number  of  measures  of  position  angle  and  double  distance 
on  each  night. 

Siriux. 
On  only  one  night  during  the  past  year  was  the  com- 
panion seen  with  perfect  distinctness.  The  diffraction 
rings  were  then  clear  and  steady,  and  such  satisfactory 
measures  could  be  secured  that  I  do  not  think  it  probable 
tliat  the  resulting  angle  can  be  in  error  by  more  than  five 
degrees. 


190.3.123 

121.8 

G.ol 

P  {a) 

127.2 

6.55 

P   (a) 

127.9 

6.30 

P  (a) 

129.3 

6.16 

P  {a) 

130.9 

6.14 

R  {I) 

129.2 

6.27 

R  (b) 

127.9 

6.30 

R  (b) 

128.6 

6.22 

R  (b) 

1903.123 

127.85 

6.31 

In 

(a),  Lamp  to  the  right.     (6),  Lamp  to  the  left.     Seeing 
not  quite  so  good  as  at  first. 

The  position  for  this  date  computed  from  Dr.  See's  ele- 
ments* is 

127°.  76         6".  16 

The  agreement  is  thus  very  exact. 

i  Boot  is. 


1903.269 

187.14 

2.53 

R     4 

1903.291 

1 87.05 

2.35 

R     4 

1903.334 

1S4.75 

2.39 

R     6 

I'.MKi.lN 

1 87.22 

2.47 

F     4 

I'.Hi.-i.iir, 

184.83 

2.65 

;;  4 

1903.43;! 

186.14 

2.48 

R     4 

1903.4(;:; 

185.65 

2.45 

R     4 

1903.4S,-) 

1 86.63 

2.51 

R     4 

1903.  !',)(» 

186.30 

2.57 

R     6 

19(»3.l'.tr, 

1 87.35 

2.33 

R     4 

l',M):;.i'.i'.) 

185.95 

2.39 

R     4 

i;Mt;;..-,n.i 

187.24 

2.47 

P  4 

1903..'.31 

186.35 

2.65 

R     4 

1903.542 

186.01 

2.5C 

R     4 

1903.441 

186.33 

2.49 

14n 

*  There  is  a  misprint  in  Dr.  See's  article  on  this  star  published  in 
^.J.  41S.  The  value  of  a  should  be  8".0310,  instead  of  8'.0186. 
This  error  does  not  occur  in  the  "  Keolvtion  of  the  Stellar  Systems." 

The  Flower  Ohservatury ,  1903  Sept.  6. 


The  residuals,  (0  — C),  from  Dr.  See's  ephemeris  are 
1903.44         +30°.5         +1".22 

It  is  thus  evident  that  the  companion  is  departing  from 
the  orbit  in  a  remarkable  manner.  A  trial  orbit  indicates 
that  the  angles  obtained  by  Herschel  in  1780  and  1792 
are  considerably  too  large,  and  that  the  period  will  largelj' 
exceed  the  value  of  128.0  years  assigned  by  Dr.  See. 
According  to  Dr.  See's  elements,  the  companion  should 
pass  the  periastron  this  year,  but  the  above  measures  indi- 
cate that  the  periastron  passage  will  not  occur  before 
1905.7.  It  should  be  noticed  that  measures  during  the 
next  four  years  will  be  of  the  utmost  value  in  fixing  the 
values  of  the  elements. 


F.  70   Ophiuchi. 


1903.414 
1903.416 
1903.433 
1903.463 
1903.485 
1903.490 
1903.534 
1903.551 
1903.638 
1903.668 
1903.671 
1903.675 


203.92 
202.86 
202.24 
201.73 
199.67 
197.35 
196.73 
198.48 
200.33 
195.64 
199.36 
198.05 


1.81 
1.84 
1.87 
1.83 
2.00 
1.82 
2.05 
1.86 
1.79 
1.89 
1.91 
1.93 


R     4 

R     8 
R     8 


1903.537 


199.70 


12« 


The  residuals,  (O— C),  from  the  orbits  of  Dr.  See  and 
Dr.  ScHUR,  and  from  my  own  orbit,  (.l.J.  400),  together 
with  the  residuals  from  my  measures  of  1897-1900  are  as 
follows : 

See       Schuk  See       Schur  n 


1897.54  -8.44  -10.56  -3.13 

1899.45  -5.21  -11.59  +2.79 

1900.57  -6.81  -15.95  +1.12 

1903.56  -2.62  -17.21   -0.27 


+  0.03  -0.28  +0.11  13 

+  0.08  -0.30  +0.02     3 

+  0.21  +0.06  +0.14     6 

+  0.25  +0.24  +0.03  12 


The  steady  departure  from  Schur's  orbit  still  continues  ; 
it  is  remarkable  that  the  residuals  from  this  orbit  are  still 
increasing,  though  it  is  now  seven  years  since  the  com- 
panion passed  periastron.  While  the  measures  now  agree 
reasonably  well  with  the  positions  predicted  by  Dr.  See 
and  myself,  neither  of  these  ephemerides  satisfj-  the  prior 
observations  with  the  exactness  which  might  reasonably  be 
expected  in  a  star  of  this  character. 

It  may  be  added  that  during  the  past  three  years  I  have 
examined  the  pair  on  every  niglit  when  the  definition  was 
unusuallj-  good.  Even  when  stars  of  0".2  were  separable, 
the  components  of  F.  70  O/iliiuc/ii  appeared  round  with 
all  powers. 
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OBSERVATIONS   OF  MINOR  PLANETS, 

MADK    WITH    THK   12-IXCH    EtJU ATOIil AI.   AT   TUE    U.S.  NAVAL   OBSEHVATOKV, 

Bv  J.  C.  HAMMOXD. 
[Coraiuunicaled  bj-  Rear-AJmiral  C.  M.  Ciiestkr,  U.S.N.,  Superintendent.] 


1903  Washington  M.T. 

* 

Comp. 

Ja 

jS 

App.  a 

App.  6 

log  pA    1  Red.  to  App.  PI. 

(20)  Massalia. 

May  17 

10  29 

30 

1 

30,6 

+  0     8!ll 

+  4  ^1.1    1  14"  49"  17^73 

-15°  50' 

8.3  n8.929 

0.853 

+  2.92 

-  62 

17 

10  52 

21 

2 

30,  6 

-2  20.96 

+  5  14.3   14  49  16.76 

-15  50 

4.4 

n8.578 

0.854 

+  2.92 

-  6.0 

-19 

9  59 

41 

3 

17,4 

+  1  56.55 

-3  22.1   14  47  30.08 

-15  41 

48.5 

W9.099 

0.850 

+  2.91 

-  6.5 

21 

10  11 

39 

3 

30,6 

+  0  10.82 

+  4  59.6   14  45  44.36 

-15  33 

26.7 

n8.913 

0.852 

+  2.92 

-  6.4 

21 

10  18 

11 

4 

30  ,  6 

+  0  22.04 

+  2  19.4   14  45  44.15 

-15  33 

25.7 

«8.836 

0.852 

+  2.92 

-  6.5 

•(68)  Leto. 

May  9 

10  51 

7 

5 

29  ,  6 

+  0  7.64 

+  0  7.4 

15  32  44.76 

-21  2 

30.5 

7(9.293 

0.868  +3.00 

-  2.5 

13 

10  21 

49 

6 

30  ,  6 

+  0  22.17 

-0  39.9 

15  28  56.83 

-20  59 

48.0 

n9.333 

0.866 

+  3.04 

-  3.0 

21 

11  15 

38 

7 

30  ,  6 

-1  36.61 

+0  15.3 

15  21  7.90 

-20  52 

5.6 

«8.371 

0.879 

+  3.11 

-  3.8 

28 

10  28 

58 

8 

30  ,  6 

+  1  22.04 

+  0  55.6 

15  14  33.20 

-20  44 

5.8  «8.701 

0.878 

+  3.13 

-  4.7 

June  1 

9  49 

15 

9 

30  ,  6 

+  0  46.39 

-4  33.2 

15  11  1.68 

-20  39 

26.0  M8.971 

0.876 

+  3.13 

-  5.1 

(69)  Hesperia. 

June  2 

10  29 

7 

10 

30  ,  6 

+  0  10.62 

-5  17.0 

15  40  45.98 

-  9  29 

23.4  «8.781 

0.816 

+  2.94 

-  1.4 

3 

10  8 

2 

10 

29,  6 

-0  31.77 

-2  45.8 

15  40  3.59 

-  9  26 

52.2  M8.970 

0.815 

+  2.94 

-  1.4 

14 

10  11 

29 

11 

30  ,  6 

+  0  47.88 

-9  28.2 

15  32  59.84 

-  9  5 

23.6  8.176 

0.814 

+  2.94 

-  1.2 

15 

10  37 

57 

11 

27,6 

+  0  14.13 

-8  9.2 

15  32  26.09 

-  9  4 

4.5  8.888 

0.812 

+  2.94 

-  1.1 

(39)  Laetitia. 

June  2 

9  39 

40 

12 

30  ,  6 

+  ]  6.62 

-4  57.0 

15  42  34.73 

-  3  50 

24.6 

719.202 

0.772 

+  2.S4 

-  0.8 

3 

9  24 

5 

12 

30,  6 

+  0  20.66 

-3  31.3 

15  41  48.77 

-  3  48 

58.8 

7(9.254 

0.771 

+  2.84 

-  0.8 

8 

9  39 

42 

13 

30,6 

-0  17.06 

-6  24.3 

15  38  6.04 

-  3  44 

13.3 

n9.022 

0.772 

+  2.85 

-  0.3 

8 

10  1 

44 

12 

25,5 

-3  22.83 

+  1  13.5 

15  38  5.30 

-  3  44 

13.3 

7(8.792 

0.773 

+  2.86 

-  0.1 

14 

11  .34 

26 

14 

30,  G 

+  0  48.95 

+  1  0.1 

15  34  3.89 

-  3  43 

45.5'  9.242 

0.771 

+  2.84 

-  0.2 

(129)  Antigone. 

June  3 

10  48 

59 

15 

30,6 

-0  46.82 

+  2  2.2 

16  33  29.84 

-  1  31 

56.2 

»9.065 

0.754  1  +2.87 

+  2.7 

8 

10  56 

14 

16 

30  ,  6 

+  0  48.30 

+  0  38.2 

16  29  33.34 

-  1  43 

20.9 

«8.745 

0.756 

+  2.90 

+  3.0 

14 

12  20 

22 

17 

30  ,6 

-0  43.74 

+  0  27.7 

16  25  5.31 

-  2  5 

9.1 

9.218 

0.758 

+  2.94 

+  3.4 

14 

12  37 

30 

18 

30  ,  6 

-1  40.36 

-2  10.4 

16  25  4.89 

-  2  5 

11.4 

9.293 

0.757 

+  2.94 

+  3.4 

15 

11  10 

49 

19 

30  ,6 

+  0  51.69 

-3  42.3 

16  24  26.17 

-  2  9 

20.3 

8.588 

0.760 

+  2.94 

+  3.3 

(17)  Thetis. 

May  21 

12  13 

10 

20 

30  ,  6 

-1  2.68 

-0  40.6  i  17  6  26.55 

-14  13 

49.6 

7(9.077 

0.843 

+  2.90 

+  4.2 

28 

12  57 

52 

21 

30  ,  6 

+  0  12.03 

+  2  37.0   17  0  32.09 

-14  11 

12.3 

8.608 

0.845 

+  3.02 

+  4.2 

28 

12  58 

10 

22 

30,6 

-0  3.75 

+  1  13.4  '  17  0  32.03 

-14  11 

11.6 

8.614 

0.845 

+  3.02 

+  4.2 

June  2 

11  19 

12 

23 

30  ,  6 

-2  24.39 

-3  15.4  !  16  56  0.78 

-14  11 

55.1 

7(9.049 

0.843 

+  3.08 

+  4.1 

3 

11  20 

8 

24 

30  ,  6 

+  2  21.72 

+  0  57.3   16  55  4.46 

-14  12 

18.5 

7(9.002 

0.844 

+  3.10 

+  3.8 

(43)  Ariadne. 

June  18 

10  41 

5 

25 

30  ,  6 

-2  15.62 

+  1  24.9   16  48  44.75 

-22  58 

18.8  wS.694 

0.888  +3.44 

+  3.6 

21 

9  23 

22 

26 

20,8 

+  0  0.30 

+  0  40.7   16  46  15.71 
(432)  Pythia. 

-22  43 

54.4  w9.262 

0.877  +3.45 

+  3.2 

June  18 

11  32 

39 

27 

27  ,5 

-1  52.50 

+  4  25.8   16  55  48.22 

-19  16 

40.1  8.662 

0.872  1  +3.35 

+  4.4 

21 

10  9 

49 

28 

24  ,  8 

+  0  38.51 

-1  38.3   16  52  52.88 
(405)  Thia. 

-19  39 

56.8  «8.991 

0.871  i  +3.37 

+  4.0 

June  21 

12  2 

14 

29 

30  ,6 

+3  55.37 

+3  22.3 

17  23  44.24 

-19  S5 

42.0 

8.872 

0.872 

+  3.39 

+  6.4 

30 

11  31 

43 

30 

40  ,  8 

+  0  11.12 

+  2  13.8 

17  16  10.20 

-18  31 

19.9 

8.999 

0.866 

+  3.41 

+  6.2 

30 

11  39 

1 

31 

29,6 

-0  34.61 

+  1  29.6 

17  16  9.94 

-18  31 

17.9 

9.060 

0.865 

+  3.42 

+  6.3 

July  1 

10  8 

24 

32 

25,5 

-3  30.72 

-3  55.1 

17  15  28.75 

-18  25 

9.7 

7(8.814 

0.867 

+  3.42 

+  6.5 
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1903  Washing 

tonM.T 

* 

Comp. 

da 

j8 

App.a 

App. 

S                  log 

;jA 

Red.  to 

App.  PI. 

(57)  Mnemosyne. 

July  IS   10 

45     9 

33 

30  ,  6 

2 

51.88 

-0  52.4 

19  51  38.13 

+   16 

8.2 

«9.211 

0.730 

+  3.26 

+  17.7 

21   10 

55     4 

34 

30  ,  6 

+  0 

20.46 

+  2  35.5 

19  49  23.66 

+   0  59 

24.3 

?i9.069 

0.731 

+  3.29 

+  18.1 

22  10 

1  30 

34 

30  ,  6 

-0 

22.56 

+  0     7.1 

19  48  40.65 

+   0  56 

56.0 

M9.319 

0.732 

+  3.30 

+  18.2 

24  10 

17  10 

35 

30  ,  6 

-0 

24.18 

+  5  38.4 

19  47  11.05 

+  0  51 

20.1 

«9.211 

0.733 

+  3.31 

+  18.5 

25  10 

56  26 

36 

20  ,4 

+  2 

13.93 

+  2  59.2 

19  46  25,28 

+   0  48 

13.6 

ri8.892 

0.733 

+  3.31 

+  18.5 

(270) 

Ariahita. 

July  18  11 

39     3 

37 

29,6 

+  2 

42.50 

+  7  50.3 

20  38  21.58 

-14  43 

10.5 

«9.188 

0.843 

+  3.34 

+  19.9 

21  11 

33  14 

37 

29,6 

+  0 

1.98 

+  3  49.7 

20  35  41.10 

-14  47 

10.8 

W9.137 

0.844 

+  3.38 

+20.2 

22  10 

41  13 

38 

30  ,  6 

+  1 

24.22 

+  4  40.8 

20  34  47.92 

-14  48 

37.3 

W9.356 

0.836 

+  3.39 

+  20.2 

23  10 

54  40 

38 

24  ,  8 

+0 

27.43 

+  3     2.4 

20  33  51.14 

-14  50 

15.7 

W9.286 

0.840 

+3.40 

+20.2 

24  11 

14  50 

39 

25,5 

+  3 

29.35 

-5  50.6 

20  32  53.22 

-14  51 

58.8 

W9.160 

0.844 

+  3.43 

+  20.2 

Aug.    7  10 

7     6 

40 

30  ,  6 

-1 

9.86 

—  3  35.5 

20  19  31.35 

-15  21 

1.6 

n9.158 

0.847 

+  3.55 

+  20.3 

7  10 

28  43 

41 

30,6 

+  0 

50.06 

-3  33.8 

20  19  30.58 

-15  21 

3.0 

7i9.002 

0.850 

+  3.55 

+  20.2 

9  10 

15  26 

42 

30  ,  6 

+  1 

42.94 

-7     1.2 

20  17  44.34 

-15  25 

35.3 

n9.032 

0.850 

+3.56 

+  20.0 

9  10 

33  23 

43 

30  ,  6 

-0 

1.70 

+  7  39.8 

20  17  43.70 

-15  25 

36.7 

7i8.852 

0.851 

+  3.56 

+  20.1 

11  10 

59  44 

44 

30  ,  6 

+1 

17.72 

-7     2.1 

20  16     0.42 

-15  30 

11.7 

7.483 

0.853 

+3.56 

+  19.9 

Mean  Places  of  Comparison- Stars  for  the  heginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

14 

49 

6.70 

-15  59 

49.8 

W.,  A.G.Z.52, 114,  209 

23 

h 

16 

58  22.09 

-14 

8 

43.8 

Wash.  A.G.Z.  43, 122 

Q 

14 

51 

34.80 

—  15  55 

12.7 

"       51, 114,  209 

24 
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OBSERVATIONS  OF  BROOKS'S  COMET   (1881  Y), 

made  with  the  26-lnch  equatouiai.  at  tue  u.s.  xavai.  obsekvatohy, 

By  C.  W.  FKEDEHICK. 

[Communicated  by  Rear-Admiral  C.  M.  Chester,  U.S.N.,  Superintendent.] 


1903  Wash.  M.T. 

* 
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Red.  to  App.  PI. 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 
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THE   WHITE   SPOT   ON 

Dy  E.   E.   liAHNAUlJ 

This  object,  observations  of  which  were  given  in  A.J. 
542-543,  promises  to  be  of  unusual  interest,  because  its 
period  of  rotation  is  much  longer  than  that  previously 
attributed  to  Satiini. 

It  is  not  often  that  tlie  average  observer  has  the  chance 
to  determine  the  rotation  period  of  Satuim,  for  conspicuous 
spots  on  the  planet  are  verj'  rare  —  the  last  one,  a  con- 
spicuous white  spot,  was  observed  by  Hall  at  Washington 
in  December,  1876.  The  observations  of  that  spot  gave  a 
period  of  lO"  14'"  23'.8  ±  2'.30,  according  to  Professor 
Kall  {A.K  2146). 

It  would  seem  that  the  only  determination  previous  to 
Hall's,  was  by  Sir  Wm.  Hersohel  in  1794,  when  lie 
found  the  period  to  be  10''  16""  0'.4,  which  might  be  in 
error  by  2'".  This  period  was  determined  from  some  pe- 
culiarity of  the  belts,  ami  not  from  a  definite  .spot. 

Since  Hall's  observations  in  1876,  no  conspicuoiis  spot 
has  appeared  on  the  planet,  though  faint  spots  have  been 
reported  by  one  or  two  observers,  but  they  could  not  be 
seen  by  others. 

The  present  opportunity,  therefore,  is  a  rare  one,  and 
the  period  of  the  planet  (or  of  the  spot,  since  the  spots  of 
Saturn  doubtless  have  diiierent  proper  motions)  ought  to 
be  well  determined  this  time,  for  the  object  is  both  con- 
spicuous and  distinct. 

At  the  second  observation  of  this  spot  —  that  of  June 
24  — it  was  seen  that  the  period  of  lO*"  14'"  would  not  fit 
the  observations,  and  that  the  rotation  time  must  be  de- 
cidedly longer.     It  was  later  found  to  be  about  10''  39"'. 

In  A.N.  3883,  K.  Graff  of  the  Hamburg  Observatory, 
by  combining  the  observation  here  of  June  23  with  an  ob- 
servation at  Hamburg  on  June  26,  and  one  at  Bamberg, 
by  Haktwig,  on  the  same  date,  found  the  period  to  be 
10"  39'".01. 

This  period  is  some  25  minutes  longer  than  Hall's.  It 
is  therefore  important  that  the  spot  be  observed  as  care- 
fully as  possible,  so  that  its  exact  period  may  be  determined. 

It  is  well  known  that  the  different  spots  on  Jupiter  have 
different  rotation  periods  in  general,  but  there  has  never 
been  observed  any  such  great  difference  as  that  indicated 
above  for  Saturn. 

At  an  observation  here  of  this  spot  on  Aug.  2,  with  the 
12-i  .ch,  it  was  very  distinct  and  easy.  The  probability  is, 
therefore,  that  it  may  last  out  the  season  of  Saturri's  pres- 
ent apparition. 

There  seem  to  be  several  spots,  and  it  is  well  to  avoid 
confusion  in  their  identification. 

Following  is  a  contimiation  of  the  observations  of  the 
original  white  spot.  The  observations  of  June  23  and  24 
will  be  found  in  A.J.  542-543. 


SATURN, 


1903  Jiibj  6  (transit  12''  41"'). 
A  note  says:    "The  observation  refers  to  tlie  following 
of  two  spots." 

h       III 

July  13  12  30  no  spots  visible  at  this  time. 

13  20  there  is  a  luminous  spot  following  the  cen- 
ter.    It  is  long  and  irregular. 

14  T)  the  main  body  not  quite  in  transit. 
14    9  in  transit. 
14  14  in  transit. 
14  16  I  think  it  is  past  transit. 
14  17  certainly  past  transit.     There  is  a  smaller, 

and  not  so  distinct  a  spot,  joining  this, 
following  and  separate  from  the  larger  by 
a  dark  patch. 
Adopted  time  of  transit  14''  11". 

July  14  the  spot  above  (observed  on  the  13th)  identified 
with  certainty.  Following  are  observations 
of  its  transit : 

li       m 

11  19  not  quite  in  transit. 
11  24  not  quite  in  transit. 
11  25  in  transit. 
11  27  in  transit. 
11  29  I  think  it  is  past  transit. 
11  30  uncertain  yet. 
11  32  a  little  uncertain  yet. 
1 1  34  it  is  certainly  past  transit. 
Adopted  time  of  transit  11''  26"'. 

There  is  a  small  spot  following.  No  other  spots  visible 
on  the  disc.  At  11''  41"'  the  preceding  spot  was  conspicu- 
ously past  transit.     Distance  between  the  spots  =  3".5. 

At  12''  30"  the  two  spots  are  past  transit,  and  no  others 
visible. 


Au 


13  46  a  luminous  spot  very  nearly  in  transit. 
13  40  perhaps  not  yet  in  transit. 
13  52  in  transit. 
13  55  in  transit. 

13  56  in  transit,  fairly  well  seen;  small  and  dis- 
tinct. 

13  58  perhai>s  past  transit. 

14  0  perhaps  past  transit ;  a  little  uncertain. 
14    2  it  seems  to  be  past  now,  but  a  little  uncertain. 
14    8  past,  but  not  decidedh'  so. 
14  10  decidedly  past  transit. 

The  time  of  transit  would  be  close  to  13''  57". 

It  was  slightly  elongated. 

No  other  spot  visible  on  the  disc. 


I  believe  that  these  are  all  observations  of  the  original 
white  spot,  though  there  may  be  some  uncertainty  on  ac- 
count of  there  being  two  spots  at  this  point. 

The  following  observations  are  also  of  white  spots,  but 
they  do  not  seem  to  be  of  the  original  spot. 
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June  30  13  19  a  definite  white  spot,  quite  well  defined  at 
its  following  end  ;  in  transit  at  the  above 
time.  "If  this  is  the  spot. seen  before,  it 
is  not  near  so  conspicuous  as  it  was." 

July  7  i;5  20  a  small,  luminous,  round  spot,  1-J^"  in  diameter, 
in  transit.  Tt  is  on  a  cold  steel  blue  or 
bluish  gray  narrow  belt.     No  other  spot 


July  20  11  55  no  other  spots  visible. 

July  21  12  35  there  seems  to  be  a  white  spot  past  transit. 

July  27  12  30  can  see  no  spots. 

If  the  observations  of  Aug.  2  are  of  the  original  white 
spot,  a  rough  approximation  would  make  the  period 
10"  38"'.8 
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DUMB-BELL    NEBULA    IN    VULPECULA    AS 
A    GREAT    SPIRAL. 

Photographed   with    I  3 -inch   Reflector   of   20-inch   Focus, 
July  22,   1903.      Exposure,   20   nninutes.      Enlarged    15 


RING   NEBULA   IN   LYRA  AS  A  GREAT 
SPIRAL. 

Photographed  with    13-irtch   Reflector  of  20-inch 
Focuc,    August   21,    1903.       Exposure,   35   mln- 

'jles.      Englarged   27  <<'■""(■•»•! 
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•  That  each  of  any  two  fluid  or  gaseous  masses  at  the  instant  of 
separation  should  break  up  into  parts  having  various  radial  velocities 
would  seem  to  he  much  more  probable  than  that  the  whole  mass 
of  each  half  should  have  a  common  velocity. 

t  Two  superposed  gaseous  spirals  having  a  common  origin,  but 
different  initial  velocities,  would  produce  a  spiral  stnictiue  com- 
posed of  arcs  of  greater  density  where  these  spirals  overlap,  con- 
nected bytlie  less  dense  areas  formed  by  the  separated  individual 
streams. 


nebula  forms  but  a  comparatively  small  central  part. 

The  enlargement  of  the  negative  which  had  an  exposure 
of  35"',  sent  with  this  paper,  may  not  be  suitable  for  repro- 
duction. On  this  particular  occasion  a  much  longer  ex- 
posure might  well  have  been  given  with  better  results. 

•See  Astr.  Nacli..  No.  3200.  This  nebula  is  visible  on  negatives 
having  an  exposure  of  one  minute. 
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The  general  curvature  of  these  exterior  streams  is  unmis- 
takably that  of  a  elock-wise  spiral  whose  maximum  visible 
tliaiiieter  is  abo\it  one-quarter  of  a  clesjree.  One  gets  the 
impression  that  if  these  exterior  streams  were  brighter  a 
structure  similar  to  the  Wliirlpool  nebula  (M.  51)  would 
result ;  the  nucleus  of  the  latter  being  regarded  as  a  ring 
nebula  on  a  small  scale. 

As  a  result  of  the  photographic  examination  of  the 
Dumb-bell  nebula,  mentioned  above,  the  very  first  series 
of  negatives,  taken  several  weeks  ago,  revealed,  unmis- 
takably, that  this  object  is  a  great  counter  clock-wise  spiral, 
at  least  half  a  degree  in  diameter,  the  well-known  nebula 
occupying  the  central  area.  This  central  area  (plainly 
elliptical  in  outline  on  the  photographs)  seems  to  be 
formed  in  much  the  same  way  as  tlie  above-described  Ring 
nebula,  except  that  the  several  streams  into  which  the 
main  branches  divide  are  much  more  divergent  near  the 
origin.  The  several  exterior  streams,  which  are  very  regu- 
lar, and  like  the   Ring-nebula,  studded  with  faint   stars. 


appear  to  make  but  little  more  than  a  complete  revolution 

up  to  points  In'  distant  from  the  origin,*  while  the  inner 
streams  probably  make  several  revolutions  before  reaching 
the  bright  exterior  boundary  of  the  Dumb-bell  only  about 
4'  from  the  center. 

I  have  been  waiting  for  a  good  night  to  make  a  long 
exposure  on  this  nebula,  but  as  this  opportunity  may  not 
soon  be  available,  a  photograph,  which  may  jiossibly  be 
reproduced  so  as  to  show  the  spirals,  is  sent  herewith.  It 
is  a  ir)-dianieter  enlargement  of  a  negative  exposed  for 
20  minutes  on  July  22,  1903. 

Additional  interest  will  attach  to  planetary  nebulas  in 
general  if  it  shall  be  found  that  the  well-known  objects  of 
this  class  are  but  parts  of  structures  similar  to  the  two 
considered  in  the  present  article. 


*The  streams  probably  extend  much  farther  from  the  center, 
but  in  my  mstruinent  tlie  aberrational  effects  become  so  large 
that  the  results  are  uncertain  at  greater  distances  from  the  optical 
axis. 


Ann  Arbor,  1903  Si-pt.  1. 


OBSERVATIONS  OF   7793  S8  CYGJSU, 

Bv  ZACCHEUS   DANIEL. 


SS  Cygni  has  recently  acted  in  a  very  strange  manner. 
The  maximum  in  February  was  anomalous  in  form,  and 
similar  to  that  of  December,  1899,  a  curve  of  which  was 
published  by  J.  A.  Parkhurst  in  Fojiular  Astronomy,  V.  8, 
p.  46,  and  the  Astrophijsical  Journal,  V.  12,  p.  268.  The 
observations  indicate  a  stand-still  at  a  point  where  the  rise 
is  usually  very  rapid.  This  maximum  was  also  observed 
by  Hartwig  (^A.N.  3866).  After  a  short  period  of  normal 
brightness  following  the  April  maximum,  I  found  it  on 
May  10,  apparently,  somewhat  brighter,  but  in  a  few  days 
it  returned  to  normal.  On  May  25,  however,  it  was  cer- 
tainly above  normal,  but  a  few  days  later  it  had  become 
faint  agaiu.  That  was  probably  the  end  of  a  short  maxi- 
mum. The  next  maximum  was  also  short.  The  rise  be- 
gan on  June  21.  On  the  decrease,  a  stand-still  occurred 
at  10". 5.  The  maximum  in  July  is  noteworthy  in  that 
the  decrease  was  somewhat  checked  toward  the  end,  the  ap- 
proach to  normal  brightness  being  comparatively  slow.  This 
has  also  been  observed  at  several  previous  maxima. 

Following  are  my  observations  this  year  to  date.  They 
were  made  by  Abgelandee's  method,  with  apertures  rang- 
ing from  12.7  cm.  to  58.4  cm.  The  magnitudes  are  on  the 
vLsual  scale  given  in  the  Astrojjhi/sical  Journal,  V.  12, 
p.  260.      The  decimals  of  a  day  are  in  Greenwich  M.T. 
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21 

287.708 

10.98 

12 

339.805 

11.27 
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ORBIT   OF   COMET   1900  II, 

By  J.  M.  I'OOR. 

which  give 


1.       IXTKODUCTIOX. 

The  definitive  orbit  of  this  oouiet  has  alreadj'  been  pub- 
lished as  it  was  determined  by  Maxoel  Scares  df,  Mello 
E  SiMAS  from  a  very  thorough  discussion  of  nearly  all  the 
published  observations.*  The  following  elements  of  the 
same  comet  had  been  deduced,  and  were  nearly  ready  for 
the  printer  when  DeIMello's  paper  was  received.  Publi- 
cation has  been  delayed  that  the  discussion  of  the  pertur- 
bations might  be  carried  considerably  farther  than  was  at 
first  intended,  though  most  of  the  computations  were  com- 
pleted by  the  writer  while  Fellow  at  Princeton  University. 
The  writer  congratulates  himself  as  well  as  the  astronomical 
public  in  general  on  the  close  agreement  of  the  results  as 
assuring  confidence  in  the  numerical  accuracy  of  the  com- 
putations, though  this  work  would  not  have  been  under- 
taken had  occupation  of  the  same  field  bj-  another  been 
known.  The  following  paper  is  abridged  in  order  to  avoid 
repetition  so  far  as  is  consistent  with  the  satisfactory  state- 
ment of  results. 

This  comet,  independently  discovered  on  July  23,  1900, 
by  BoRKELLT,  at  Jlarseilles,  and  Brooks  of  Geneva,  U.S.A., 
was  observed  for  a  little  more  than  three  months,  while  an 
attempted  observation  by  Aitkex  at  Mt.  Hamilton,  five 
months  after  discovery,  though  interrupted  by  rising  fog, 
showed  the  comet  to  be  near]}'  in  its  predicted  position, 
and  indicated  that  the  orbit  was  nearlj'  parabolic. 

2.     Elements,  Ephemeris,  and  Stars. 
The  elements  here  employed   for  comparison  and  cor- 
rection  are  based  on  those  computed  bj'  Scheller  and 
Wedemeyer  {A.A\  3660).     They  are 

T  =  1000  August  3.19930  Gr.  M.T. 

u,  =     12^20  34'SO) 
SI  =  328     0  26.20  -Ecliptic  1900.0 
/  =    62  30  44.00  \ 
log  <j  =  0.0063830 


'  Astro)iomische  Abhandlungtn  als  Ergiinznngslt^fte  zu  tUn  Astro- 
nomischen  NackricKten  heravsgegebPii^n  von  I'rof.  Dr.  H.  Kueit/. 
Nr.  4,  1  Teil. 


X  =  ;•  (9.9457964)  sin  (  86  20  32.37  +  v) 
y  =  r  (9.6S67100)  sin  (283  8  27.03  +  i-) 
z  =  r  (9.9966354)  sin  (    0    9  27.35  +  ,•) 

Throughout  the  computation  Greenwich  mean  time  has 
been  employed,  and  solar  coordinates  have  been  taken 
from  the  American  Ephemeris  and  yavtii-al  Almanac. 

Comparisons  with  the  ephemeris  from  these  elements 
were  made  by  interpolation  for  the  date  of  observation 
corrected  for  aberration-time  from  positions  computed  at 
intervals  of  twelve  or  twenty-four  hours,  as  the  case  might 
require,  except  for  observations  in  right-ascension  between 
August  20.5  and  August  29.5,  and  in  declination  between 
August  23.5  and  August  27.5,  when  the  motion  of  the 
comet  near  the  pole  made  it  seem  best  to  compute  the 
place  for  the  time  of  each  observation  directly  from  the 
elements. 

As  far  as  possible  A.G.  star  places  have  been  employed,  but 
for  polar  stars  Caz-r/H'/io/ihas  been  used.  Several  star  places 
are  the  result  of  comparison  with  A.G.  stars  or  Berlin  J.B. 
stars,  and  others  are  the  result  of  meridian  observations 
published  with  the  comet  observations.  D.J[.,  Cincinnati, 
Nos.  12  and  13,  Berlin  J.B.  1900,  Gr.  Obs.  1896,  Romberg, 
and  Hamburg  zones  have  been  used,  and  some  positions 
have  been  modified  by  Pulkowa  Obs.,  Yarnall,  Greenwich 
Ten-Year  Catal,  Kadcliffe  (1860.0),  and  Gr.  Obs.  1898. 
Sixteen  A.G.  Dorpat  places  were  kindly  furnished  in 
manuscript  by  Profs.  Levitzky  and  Scharbe  of  Dori>at 
Observatory.  Romberg  was  consulted  for  me  bj-  Mr.  D.  T. 
WiLsox  at  Cincinnati,  and  Fedorenko  by  Prof.  Searle  at 
Harvard,  though  the  latter  positions  were  not  employed. 
Proper  motions  have  been  applied  whenever  found.  The 
position  of  the  star  100  of  DeMello's  list,  to  which  he 
calls  attention,  was  found  to  be  K.  .\.  =  3'' 34"  33'.,54  ; 
Decl.  =  71°  58'  42".l  as  deduced  from  positions  furnished 
from  Dorpat.  The  reduction  of  observations  depending 
on  the  star  Carrinijton  685  (DeMello's  star  120)  indicated 
a  proper  motion  in  declination,  and  its  comparison  with 
Nos.  70S  and  720  of  tlie  same  Catalogue,  made  at  Princeton 
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by  the  computer,  yielded  as  a  result  an  annual  proper 
motion  in  R.A.  of  — 0".00r<7,  and  in  Decl.  of  — 0".133S 
(equator  1003.0).  Its  position  for  1900.0,  as  deduced  from 
these  observations,  was  found  to  be  R.A.  =  4''  46'"  37'.92 ; 
Decl.  =  81°  49'  57"..5. 

In  reducint;  stars  to  the  epoch  1900.0  tlie  constants  of 
Stkuve  and  Pkters  have  been  uniformly  employed,  and 
above  75°  declination  rigorous  formulas  were  used. 


.'!.     Observations  and  Weights. 

It  was  intended  to  collect  all  observations,  and  a  request 
for  such  as  had  not  been  published  was  inserted  in  A.N. 


3753.  The  usual  journals  were  examined,  but  by  an  over- 
sight all  observations  published  in  Comptes  liendiis  only 
remained  unknown  to  the  computer  until  the  appearance 
of  DeMello's  work.  These  included  three  observations 
made  at  Algiers,  the  valuable  series  of  Bordeaux  and 
Lyons,  with  the  less  numerous  series  made  at  Marseilles, 
Paris  and  Toulouse.  To  those  omitted  must  also  be  added 
the  series  made  at  Wasliington,  and  published  in  A.,/.  535, 
too  late  for  consideration  in  this  discussion,  and  likewise 
omitted  by  De^Mello,  as  were  also  two  unpublished  obser- 
vations made  at  Pulkowa,  which  were  kindly  furnished  by 
the  observer,  A.  Sokolow.  For  completeness  the  latter 
are  here  inserted. 


Comet — Star 


1900  Gr.  M.T. 

September     G. 29000 
11.33524 


+  2  27.65 
+  0  35.58 


Decl. 
-5' 27.3 


R.A.        Decl. 

+  L67     +2.5 
+  1.11     +3.8 


13  24     3.06 
13  46  53.67 


Decl. 

78°  58  32."7 
76     2  46.7 


Conip.  Star 

A.G.  Kasan  2333 
"       2428 


In  reducing  observations  parallax  factors  have  all  been 
recomputed  by  means  of  Bauschinger's  Tables  and  re- 
ductions from  mean  to  apparent  place  have  been  made  by 
the  use  of  constants  of  the  American  Ephemeris  and  Nauti- 
cal Almanac. 

For  convenience  in  weighting,  observations  have  been 
divided  into  three  groups.  Group  1  consists  of  those  cases 
where  more  than  five  observations  were  made  with  a  filar 
micrometer  by  one  observer.  Group  2  is  made  up  of  those 
series  more  than  five  in  number  made  by  a  single  observer 
with  a  ring  or  bar  micrometer ;  and  Group  3  includes  all 
series  less  than  six  in  number  by  a  single  observer.  The 
only  apparent  exceptions  to  these  rules  are  two  cases  in 
Group  3  in  which  the  series  numbered  six,  but  these  were 
subsequently  reduced  to  five  or  less  by  rejected  observa- 
tions.    Such  rejections  were  determined  as  follows: 

First.  Because  recent  or  accurate  catalogue-places  of 
companion  stars  were  not  found,  or  because  no  catalogue 
place  was  found:  Arcetri,  Aug.  19  (eomp. -star  i^erfo?'e«/co); 
Hamburg  (Sch.),  Sept.  19;  Hamburg  (M),  Sept.  19;  Kiel; 
July  28  ;  Konigsberg  (S),  Aug.  23  ;  Paris,  July  24  ;  Pola 
(H),  July  25  :  Pola  (M),  July  25.  Letters  in  parenthesis 
indicate  the  observer  as  explained  in  the  list  below. 

Second.  Because  of  serious  discrepancy  with  other  ob- 
servations made  at  nearly  the  same  time  :  Denver  (L), 
July  28,  Decl. ;  Denver  (H),  July  30  and  all  other  observa- 
tions in  declination  ;  Heidelberg  (C),  July  25,  Decl. ;  Heidel- 
berg(V), Aug.  18,  Decl. ;  Kiel,  July  25,  Decl. ;  Kremsmiinster, 
Aug.  19,  Decl. ;  Lemberg,  Aug.  10  and  all  other  observa- 
tions in  declination  ;  Leipzig,  July  25,  Decl.  ;  Gottingen, 
July  25;  Utrecht  (V),  Aug.  16,  Decl.  and  Sept.  5,  R.A.  ; 
Geneva,  July  26,  Decl. ;    Padua,  Aug.  1,  second  obs.  Decl. 


In  no  case  was  the  attempt  made  to  harmonize  by  chang- 
ing the  date  of  an  observation. 

In  determining  weights  each  remaining  residual  was  first 
given  unit  weight,  and  curves,  one  for  each  coordinate,  were 
constructed  by  means  of  normals  at  convenient  intervals. 
These  curves  were  assumed  to  represent  the  true  jiath  of 
the  comet  with  which  the  residuals  of  each  observer  were 
compared,  thus  giving  "  secondary  "  residuals  from  the  first 
powers  of  which  the  computed  weight  of  an  observation 
was  found  by  the  formulas 


0.8453 


.  [!•] 


and 


in  which  e,  the  mean  value  of  r  for  all  observers  whose 
observations  numbered  more  than  5,  was  found  to  be  0".16 
in  R.A.,  and  1".9  in  Decl. 

Observations  of  Group  1  were  then  given  the  integral 
weights  2,  3,  or  4,  according  to  the  numerical  value  of  the 
weight  as  computed.  In  the  same  way,  those  of  Group  2 
received  weights  i  or  1,  while  the  weights  of  Group  3  were 
assigned  arbitrarily  because  of  the  small  number  in  each 
series. 

From  the  results  of  comparisons  with  the  curves  it  was 
thought  best  to  apply  corrections  to  observations  as  follows  r 


Correction. 

Observatory 

R.A. 

Decl 

Arcetri, 

-0.25 

Geneva, 

+  0.20 

+  2.3 

Kiel, 

+  2.9 

Kremsmiinster, 

-0.34 

The  following  table  contains  details  outlined  above  with 
references  to  journals  where  observations  were  found. 
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Observatory 

Algiers 
Arcetri 

Besaii^on 

Copenhagen 

Denver 

Geneva 
Gottingen 

Hamburg 

Heidelberg 

Jena 
Kiel 

Konigsberg 

Kremsmiinster, 
Leipzig 

Lick 

Lemberg 

Nicolaeff 

Northampton 

Paris 

Pailua 

Pola 

Poughkeepsie 
Pnlkowa 
Rome 
Strassburg 

Utrecht 
Vienna 


Observer 

Sy 

Abetti 
(  Chofardet 
■(  Sallet 

Pechule 
(  Heller 
(Ling 

Pidoux 

Sehur 

Scheller 

Schorr 

Messow 
j  Courvoisier 
(  Valentiner 

Knopf 

llistenpart 
\  Cohn 
"(  Struve 

Schwab 

Haj-es 
(  Crawford 
-]  Aitken 
(  Perrine 

Ernst 

Kortazzi 

liyrd 

Bigourdan 

Autoniazzi 
(  Hohl 
I  Marchetti 

Whitney 

Sokolow 

Millosevieh 

Kobold 
\  Nijland 
)^  Veenstra 
j  Palisa 
(  Holetschek 


SI 

Sch. 

M 

C 

V 


N 
V 
1' 
H 


Group 
1 
1 
1 
3 
3 
3 
1 
1 

1 

3 
3 
3 


Obs. 
8 
42 
IL' 
2 
3 
6 


13 
3 
6 
4 
4 
6 
8 
1 

12 
8 
1 
4 

10 
3 

15 

11 
2 

1 
13 


4 
10 
12 
11 


3 


Date 

8x 

S.V 

hz 

July    19 

-     1 

0 

0 

2'.) 

0 

0 

0 

Aug.      S 

-  11 

+      0 

—      3 

18 

-  30 

+      4 

-   12 

28 

-  55 

+    10 

-  25 

Sept.     7 

-   SO 

+   20 

-   43 

17 

-121 

+  3;; 

-   07 

4.  Pekturbations. 
Perturbations  taking  into  account  the  action  of  Mercury, 
Venus,  Earth,  Mars,  Jupiter  a,nd  Satitni  were  computed  in 
rectangular  coordinates  referred  to  the  ecliptic,  with  July 
29.0  as  the  date  of  osculation.  A  uniform  interval  of  40 
days  was  adopted  for  Ma7-s,  Jupiter  and  Saturn,  while  for 
Merr.uri/,  Venus  and  Earth,  the  interval  was  10  days  until 
September  17,  after  which  it  was  20  days.  Referred  to 
the  equator  as  fundamental  plane  the  perturbations  in 
rectangular  coordinates  deduced  were  as  follows  : 

Pekturbations  (Seventh  decimal  place). 


Obs. 

8 
42 
12 

3 
6 

22 
8 
1 

13 
3 
G 
4 
4 
6 
8 
1 

12 
8 
1 
4 

10 
3 

15 

11 

1 

13 
3 


4 
10 
13 
11 


I 

Date 
Sept.  2 
Oct.      ' 


Journal 
B.A.,  Vol.  18 

A.N.  3674,  3687.  Arcetri  Pub.,  No.  15 
A.N.  3656,  3691.  B.A.,  Vol.  18 
A.N.  3656 
^..V.  3654,  3655 
A.J.  508 
A.J.  492,  503 
A.N.  3660 
A.N.  3655 
A.N.  3655,  3724 
A.N.  3724 
.l.^V.  3724 
A.N.  3654,  3720 
A.N.  3720 
A.N.  3692 
A.N.  3654,  3655 
^4.^V.  3655 
A.N.  3760 
A.N.  3760 
A.N.  3654 
A.J.  484 
A.J.  490 
A.J.  494 
A.N.  3655,  3740 
A.N.  3677 
A.J.  495 
A.N.  3654 
.4..V.  3678 
A.N.  3661 
A.N.  3661 
A.J.  495 
Correspondence. 
A.N.  3655,  3745 
A.N.  3054,  3726 
A.N.  3654,  3719 
A.N.  3719 
A.N.  3655.3718 
A.N.  3713 


17 


8x 
-160 
-201 
-244 
—  288 


8y 
+  49 
+  67 
+  88 
+  110 


-  96 
-131 
-172 
-219 


5.     Normal  Places  and  Least-Square  Solution. 

For  the  construction  of  normal  places  the  list  of  obser- 
vations was  divided  into  eight  sections  at  the  following 
dates:  July  29.0,  Aug.  3.0.  Aug.  11.0,  Aug.  20.0.  Sept.  1.0, 
Sept.  14.0,  and  Oct.  10.0.  To  find  a  normal  place  with  its 
corresponding  time  and  weight,  the  following  equations 
were  applied  to  the  observations  of  each  section  : 


A  =  4^  and;, 


=   [P] 


The  normal  places  thus  found,  including  corrections  for 
perturbations,  are  as  follows  : 
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No. 

Date 

R.A. 

(cos  8 .  Ja)„ 

Po 

Dec 

1. 

1 

Jul}^  26.7 

41°  37  49^84 

-3.98 

11.5 

20°  51 

8^27 

•) 

31.7 

43  9  30.24 

-2.24 

116 

36  9 

55.38 

3 

Aug.  8.1 

40  r.l  52.1  S 

-2.90 

76.5 

57  41 

49.99 

4 

IG.l 

r,<;  ;>(;  s.r.i 

-3.28 

72 

75  14 

47.31 

i> 

24.84 

IIG  19  3.02 

+  .->.46 

61 

85  42 

33.6S 

()• 

Sept.  8.<)2 

204  2  46.37 

+  8.68 

5(1 

77  3;! 

48.50 

7 

22.0 

213  22  48.83 

+  8.37 

64 

71  23 

.■',(;.87 

8 

Oct.  19.4 

224  .5  18.06 

+  4.11 

44 

65  58 

25.52 

(J8)o 


0.04 

114 

2.88 

113.5 

2.26 

70 

3.50 

65 

3.52 

65 

9.82 

54 

13.42 

60 

16..'!7 

41 

For  the  least-squaie  solution  the  elements  were  referred 
to  the  mean  equator  of  1900.0  aiul  differential  eoefticients 
computed  by  means  of  the  formulas  given  in  Klinkkrfues, 
Theoretische  Astronomie,  Ziveite  Avflage. 

The  elements  so  referred  are 


T  =  1900  Aug.  3.19930  Gr.  M.T. 

J  =      0     9  27^35  ) 
Q,'  =  331  43  41.17  ^Equator  1900.0 

(■'  =    82  52  37.55  ) 
g  y  =  0.00()3830 


Equations  of  the  form 


da 


cos  8  .     „,  '/Q'  +  cos  8  .  — r,  dV  +  cos 8  — ,  du)'  +  cos 8.  — ^  dT+  cos 8.  t—  dq  +  cos  8.^— 

t'8     ,_  ,      f>8   ,.,98    ,   .  .    98    ,^  .   98    ,     .  98 

9? 


de 


Ju .  COS  8 


and      —=r,dQ,'-\ -.,dV-\ ;  cZw' +  ^^  (/ T  ^ dn-\--—de   =  J8 


each  made  homogeneous  and  multiplied  by  the  square  root  of  its  weight,  after  putting     r  =  dQ,'  ,  y  =  di'  ,  z  =  dia'  ^ 
t  =  lQ*dT  ,  u  =  lO^dq  and  w  =  10*de,     become  the  following: 

Equations  of  Condition. 


Right-.VscensioE 

1 

+  7.7683 a:  +1.4477  y  -2.9631s 

+  0.4528  < 

-4.6772  » 

-1.0195  (f 

= 

-42.6807 

2 

+  7.7522 

+  0.44.59 

—  0.3558 

-0.1698 

-4.7957 

-0..3213 

= 

-24.1255 

3 

+  5.0272 

-0.5654 

+  2.7374 

-0.8271 

-3.6921 

+0.3836 

= 

-25.3646 

4 

+  1.8913 

-0.4116 

+  4.7915 

-1.2005 

-3.2057 

+  0.2469 

= 

-27.8317 

5 

-8.1736 

+  4.6175 

+  2.2463 

-0.2434 

- 1.4365 

-3.1798 

= 

+42.6440 

6 

-4.4486 

+  3.7784 

-5.4038 

+  1.2800 

+  1.6025 

-1.1228 

= 

+  61.3769 

7 

-.3.1791 

+  3..5780 

-6.9729 

+  1.4305 

+  1.8474 

+  1.3630 

= 

+  66.9600 

8 

-1..3642 

+  2.0688 

-6.6233 

+  1.0666 
Declination. 

+  1.5173 

+  6.6962 

+  26.2627 

1 

-  8.0679.x 

-1.8922  V 

+  20.6923  « 

-10.2847  (► 

-0.2164 7<  -19.6231 

V 

=  -  o"4271 

o 

-13.7908 

-0.9145' 

+  17.73.38 

-  8.7714 

-0.8230 

—  5.5256 

=  -  30.6825 

3 

-14.4487 

+  1.8634 

+  8.0771 

-  3.8545 

-0.8764 

+  4.59S2 

=  -  18.9085 

4 

-13.4567 

+  4.3.590 

+  2.2498 

-  1.0104 

-0.3191 

+  3.0084 

=  +  28.2179 

5 

-  6.8807 

+  3.4.364 

-  4.7621 

+  1.0979 

+  2.1503 

+  0.3760 

=  +  28.3792 

6 

+  4.5611 

-4.7897 

-  1.8458 

-  0.2072 

+  1.0876 

+  11.6799 

=  -  72.1620 

7 

+  3.5866 

-5.7932 

-  1.2974 

-  0.4515 

+0.7335 

+  19.ii5;!9 

=  -103.9509 

8 

+  1.3023 

-5.4001 

-  0.9393 

-  0.3970 

+  0.3366 

+  24.4664 

=  -104.8192 

in  which  coefficients  are  given  in  natural  uumbers. 

These  differential  coefficients  were  checked  according  to 
the  method  given  in  the  above  reference  with  verj'  slight 
modification.     To  check 

9a       da      da      dh       98  98 

9r  '   9^  '   9^  '  9l"   a^  We 

as  well  as  the  computation  of  the  positions  to  which  resid- 
uals had  been  applied  in  finding  the  normal  places,  incre- 
ments appropriate  for  each  date  were  siaccessively  applied 
to    T,    q,   and    e,    and   new  positions  computed  from  the 


slightly  changed  elements.  The  remaining  coefficients  were 
checked  by  finding  d  log  i,  d  log  -q  and  d  log  i,  where  the 
notation  is  that  of  the  reference.  * 

To  illustrate  (Klinkekfues,  page  710), 


d.x  =  —i/dQ,'     or     rflog^  =  — 


{dQ,')"  where 


206265  i 

(dQ,')"  is  given  in  seconds  of  arc.     This  in  units  of  the 
seventh  place  becomes 

rflog^  =  [1.82336„]|(rfSJ')" 
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where  numbers  are  expressed  in  logarithms.     Similar  ex- 
pressions for 

f/logi  ,  dlogr)  and  d\og^ 

were  found  in  terms -of  (dQy,  (di')",  and  (du>')". 

Whether  the  numerical  values  of  log^,  logjj  and  log^ 


were  to  be  increased  or  decreased  in  a  particular  case  was 
easily  determined  by  inspection  of  the  equations. 

From  the  equations  of  condition  normal  and  elimination 
equations  given  below  were  obtained.  As  a  Brunsviga 
computing  machine  was  employed,  coefficients  are  given  in 
natural  numbers. 


Normal  Equations. 


+ 1603.4289  w 

-  580.7418 
+  287.9879 
+  216.6062 

-  235.4222 
+  59.0753 


-  580.7418- 
+  1007.7049 

-  506.0848 

-  439.4582 

-  82.1140 

-  85.1039 


+  287.9879  a;  +216.6062  < 
-506.0848   -439.4582 


+  975.690G 
+  248.6591 
-188.6705 
-  78.1787 


+  248.6591 
+  207.4411 
+  37.9990 
+  27.0762 


-235.4222,/ 

-  82.1140" 
-188.6705 
+  37.9990 
+  179.8256 

-  2.0807 


+  59.0753  Jt 
-85.1039 

-78.1787 
+  27.0762 
-  2.0807 
+87.1817 


-5097.5544 
-1361.9109 
-2284.0715 
+  684.7583 
+  2406.0835 
+   604.2810 


Elimination 

w  -0.3621872  +0.179608J-   +0.135089^  - 

z  -0.503882 .E   -0.452748*  - 

X  +  0.038600  i   - 

t  -\ 


Whence 

«  =  +28.269  .r  =  +11.81 

y  =  +35.72  .-  =  +14.18 

t  =  +  5.5065  w  =  +   3.2929  and  [?m.6]  =  807.6 

Reversed  elimination  gave  identical  results  and  also  quan- 
tities by  means  of  which  were  obtained 


=   ±1.0484 
=   ±2.60 
=   ±2.21 


=  ±1.6997 
=  ±4.70 
=  ±3.691 


Substitution  in  the  equations  of  condition  gave  as  check 
[pvc]  =  807.6.  We  have,  therefore,  the  following  cor- 
rections to  the  equatorial  elements 


dQ'  =  +11.81  ±2.21 
di'  =  +35.72  ±4.70 
d,o'  =  +14.18   ±2.60 


rfr  =  +0.000551      ±0.000170 
dq  =   +0.0O002S3    ±0.0000037 
de  =  +0.0003293   ±0.0001048 


Collecting  results  the  definitive  equatorial  elements  are 
Epoch  of  osculation,  July  29.0,  1900 
7'  =  1900  August  3.199851  Gr.M.T. 

o,'  =      0°    9  4L53  » 
Q,'  =  331  43  52.98  ^Equator  1900.0 
i'  =    82  53   13.27  ) 
log  y  =  0.0063951 
e  =  1.0003293 
log  e  =  0.0001430 

from  which  are  found 

X  =  r  (9.9458067)  sin  (  86°  2 1'  7.40  +v) 
!/  =  r  (9.6866365)  sin  (283  7  44.84  +  v) 
3  =  r  (9.9966447)  sin  (     0     9  41.53   +c) 


and  also 


a.  =     12  25  40.55 

Q,  =  328     0  47.62 

i  =    62  31   16.38 


Ecliptic  of  1900.0 


Equations. 

-0.146824  y  +0.036843!/ 
-0.209917 y  -0.079897?/ 
0.319781  y  -0.167550  k 
■0.214254y  -0.371981m 
y   -1.241788  7/ 


-  3.179158 

-  4.023466 

-  4.137199 
+  2.643481 
+  0.612815 


//   =    +28.268782 

As  a  final  check  on  the  accuracy  of  the  computation  the 
residuals  due  to  elements  and  those  due  to  equations  were 
determined  for  each  normal  place.     They  are  as  follows: 


Eleme: 

JTS 

Equations 

Ja  cosS 

j8^ 

Ja  cos  8           Ji 

July  26.7 

+  L1 

+0.3 

+  l!o          +0.3 

"      31.7 

-1.1 

-0.3 

-1.0          -0.3 

Aug.    8.1 

-0.4 

-0.1 

-0.5         -0.2 

"      16.1 

+  1.1 

-0.7 

+  0.8         -0.5 

"      24.84 

+  0.8 

+  1.7 

+0.7         +1.7 

Sept.    8.62 

-1.0 

-0.4 

-1.0         -0.4 

"      22.0 

-1.4 

+  0.2 

-1.4          +0.3 

Oct.    19.4 

+  1.1 

+  0.3 

+  1.1          +0.3 

From  the  equations  [ci'] 

=  11.2 

Collecting,  the  definitive  elements  referred  to  the  eclip- 
tic arf 

Epoch  of  osculation,  July  29.0.  1900 
T  =  1900  Aug.  3.199S51  Gr.M.T. 


«)  =    12  25  40.55  ) 

Q,  =  328     0  47.62  ^  Ecliptic  1900.0 
i"  --=    62  31  16.38  \ 
log  <j  =  0.0063951 
log  e  =  0.00014.30 


<>.  Peuti'rbations  Bekoke  Discoverv. 
A  comparison  of  these  elements  with  those  foun^  by 
Dk  Mello  shows  slight  differences,  hut  both  computations 
show  the  important  result  that  at  the  time  of  discovery 
the  comet  was  describing  a  hyperbolic  orbit,  and  this 
agreement  is  quite  close  notwithstanding  the  considerable 
omission  of  observations  from  this  discussion.  This  fact 
tempted  the  writer  to  make  a  preliminary  investigation  of 
the  perturbations  during  tht>  vear  previous  to  the  comet's 
discovery. 


ISS 


T  I  [  E     AS  T  K  0  N  0  M  I  0  A  L     J  0  U  U  N  A  L  . 


^"  r.48 


Accordingly  m-A',  oi-F,  aud  m'Z  (Watson,  pajje  453) 
were  computed  for  Venus,  Earth,  Mars,  Jupiter,  and  Saturn 
at  intervals  of  40/3  days.  These  quantities  were  directly 
computed  for  lUars  aud  Saturn  at  intervals  of  40  days 
from  .June  4.0,  1899,  to  Aug.  18.0,  1900.  Likewise  they 
were  computed  for  Jupiter  until  May  30, 1900,  after  which 
date  they  were  directly  computed  at  intervals  of  40/3 
days.  All  remaining  intermediate  values  were  found  by 
interpolation.  For  Venus  and  the  Karth  the  quantities 
were  directly  computed  at  intervals  of  40/3  days  through- 
out the  whole  period.     The  quantities 

:i(,J'X),  2:{ia-Y)  and  2'(")-^) 

were  obtained  from  which  mechanical  quadrature  gave  the 
perturbations  referred  to  the  ecliptic  in  the  table  below. 
The  computing  machine  was  used  whenever  possible.  In 
this  table  perturbations  at  intervals  of  40  days  only  are 
included. 


I'KKIUllUATIONS.        (Scvei 

th  deciii 

al  place). 

Date 

8x 

h 

8^ 

1899  June 

4 

-   35 

+  291 

+  5413 

July 

14 

-305 

-1-244 

+  4259 

Aug. 

23 

-483 

+  206 

+  3257 

Oct. 

2 

-569 

+  173 

+  2401 

Nov. 

11 

-575 

+  156 

+  1689 

Dec. 

21 

-528 

+  154 

+  1116 

1900  Jan. 

30 

-457 

+  151 

+   677 

Mar. 

11 

-367 

+  126 

+   360 

Apr. 

20 

-257 

+   75 

+   154 

May 

30 

-129 

+   21 

+     41 

July 

9 

-   21 

+     0 

+       1 

The  disturbances  in  the  components  of  the  velocity  on 

June  4.0  were  found  to  be     ^ -~  =  —7.9  ,  S -^  =   —1.4, 
dt  dt  ' 

8  -7^  =  —30.8,     in  the  same  units. 
dt 

Following  the  method  of  Watson,  Sec.  168,  the  defini- 
tive elements  gave  for  this  date  the  undisturbed  coordi- 
nates 

a-^=  -3.1959772  ;  //„  =  -0  6369125  ;  r.^=  -4.2938069; 
and  the  velocities 


dx 


,»  =  +0.00857336  ;  ^ 
dt  dt 


-0.00182998  ; 


^  =  +().00c 
dt 


r4773  ; 


Shaltuch  Observatory,  Dartmouth  College,  Hanover,  N.H. 


from  which,  after  corrections  for  perturbations  had  been 
applied,  the  following  elements  were  deduced. 

Epoch  of  osculation.  June  4.0  1899 
T  =  1900  August  3.24627 

u.  =    12°  25  42.5) 
a  =  328     1   16.6  -Ecliptic  of  1900.0 

;  =    62  31   19.2  ) 
log  'J  =  0.006438 
log  K  =  0.000058 

e  =  1.000133 

According  to  this  computation,  therefore,  the  eccentricity 
had  increased  during  the  400  days  previous  to  the  comet's 
discovery. 

Among  the  disturbances  caused  by  the  planets  during 
this  period  those  of  Jupiter  were  the  most  important 
during  the  greater  part  of  the  time,  while  those  of  Saturn 
and  Mars  were  much  less,  as  were  also  those  of  Venus  and 
Earth,  except  near  the  time  of  discovery.  Therefore  the 
quantities,  urX,  m-Y,  w'Z  for  Jupiter  alone  were  computed 
for  four  dates  at  intervals  of  100  days  previous  to  June  4, 
1899.  When  the  position  and  motion  of  the  comet  during 
this  time  are  considered,  tu-A",  u>-Y,  ui-Z,  indicate  that  the 
effect  of  perturbations  during  this  earlier  period  was  acting 
in  the  same  directiou. 

In  the  light  of  this  preliminary  stud}'  it  seems  not  un- 
reasonable therefore  to  account  for  this  hyperbolic  orbit  at 
the  time  of  discovery  as  the  result  of  perturbations,  and  to 
conclude  that  a  careful  study  sufficiently  extended  would 
show  that  this  comet  entered  the  solar  system  iii  a  sensibly 
parabolic  orbit. 

7.     Conclusion. 

Defective  though  it  is,  this  piece  of  work  is  now  brought 
to  a  point  where  it  is  possible  for  the  computer  to  lay  it 
aside.  The  long  computations  involved  would  certainly 
never  have  reached  even  their  jjresent  degree  of  perfection 
had  it  not  been  for  the  continued  encouragement  and  many 
suggestions  received  from  Prof.  Young  of  Princeton. 

Besides  being  indebted  to  those  already  mentioned,  I  am 
also  indebted  to  Prof.  Antonio  Abetti  of  Arcetri  for  pub- 
lications from  that  Observatory,  to  Prof.  Otto  Knopf  of 
Jena  for  a  correction  to  his  observations  as  published,  and 
to  Prof.  LovETT  and  Mr.  Hiltebeitel  of  Princeton,  for 
actually  assisting  in  the  computations. 


OBSERVED   MmiMA   OP  \l^m  DRACONIS, 

By  W.  M.  reed. 
[Communicated  by  Prof.  C.  A.  Young.] 


Seven  minima  of  this  star  have  recently  been  observed 
by  Mr.  Zaccheus  Daniel  and  the  author  with  a  photo- 
meter attached  to  the  23-inch  equatorial  of  the  Halsted 
Observatory.     A  part  of  the  expense  of  the  these  observa- 


tions is  borne  by  the  Carnegie  Institution.  An  artificial 
star,  caused  by  an  electric  light,  was  compared  alternately 
with  a  neighboring  comparison-star  and  with  the  variable. 
The  light  of  the  artificial  star  was  diminished  bj"  means  of 
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a  "  photometric  wedge "  photographically  prepared,  the 
gift  of  Prof.  E.  C.  PicKEEixG.  The  author  is  indebted  to 
Mr.  E.  S.  KixG  for  a  provisional  value  of  the  scale  of  this 
wedge.  It  seems  desirable  to  make  a  preliminary  state- 
ment of  these  observations  in  order  to  call  attention  to 
certain  unprecedented  irregularities  in  this  jilf/ol-type 
variable.  Although  the  minima  occur  with  great  regu- 
larity, and  satisfy  the  elements  of  Mr.  Blajko  with  a  cor- 
rection of  only  l.'-i  minutes,  yet  the  magnitude  at  minimum 
is  far  from  constant.  In  the  seven  minima  observed  the 
magnitude  at  minimum  has  ranged  from  12.7  to  13.6.  Also 
the  shape  of  the  light-curve  has  undergone  equallj-  pro- 
nounced changes. 

On  July  7,  the  star  diminished  in  brightness  at  the  rate 
of  about  O^.IO  in  eight  minutes,  until  within  30  minutes 
of  minimum,  when  it  decreased  at  the  rate  of  0".10  in  two 
minutes.  When  the  minimum  was  reached  the  increase 
began  almost  at  once,  and  in  a  manner  symmetrical  with 
the  decrease. 

On  July  15,  the  star  decreased  in  light  at  the  rate  of 
about  O^.tO  in  eight  minutes,  until  about  20  minutes  from 
minimum,  when  the  rate  increased  to  about  O^.IO  in  one 
minute.  It  then  staid  constant  in  brightness  at  minimum 
light  for  26  minutes.  The  increase  was  symmetrical  with 
the  decrease. 

August  14,  the  third  minimum  was  observed.  The  de- 
crease was  at  a  fairly  uniform  rate  until  the  minimum 
light  was  reached,  the  rate  being  about  0".10  in  4  minutes. 
The  variable  staid  at  minimum  brightness  for  about  20 
minutes.  On  account  of  clouds  only  one  magnitude  of  the 
increase  was  observed.  The  rate  of  the  increase  was 
about  0".10  in  one  minute,  and  therefore  unsymmetrical 
with  the  decrease. 

Setember  21,  the  variable  began  to  decrease  2''  12'"  be- 
fore the  time  of  minimum.  At  first  the  rate  was  about 
C.IO  in  12  minutes;  gradually  the  rate  was  increased  to  4 
minutes,  and  during  the  last  magnitude  of  decrease  the 
rate  was  0>'.10  in  2  minutes.  The  star  remained  at  mini- 
mum light  for  15  minutes.  The  curve  of  increase  was  un- 
symmetrical with  the  decrease.  At  first  the  rate  was  0". 10 
in  4  minutes,  then  in  2  minutes,  and  finally  0>'.10  in  9 
minutes.  Observations  -were  discontinued  before  the  vari- 
able readied  normal  light. 

September  25,  the  decrease  was  at  a  nearly  uniform  rate 
of  0''.10  in  5  minutes.  The  star  remained  at  minimum 
light  for  32  minutes.  During  the  first  40  minutes  of  the 
increase  the  star  became  brighter  at  the  rate  of  0".]0  in  3 
minutes,  but  during  the  next  40  minutes  the  increase  was 
at  the  rate  of  only  0".10  in  13  minutes. 

September  29,  the  increase  and  decrease  were  nearlj- 
symmetrical.  The  decrease  occupied  l""  45""  in  changing 
2.2  magnitudes,  while  the  increase  occupied  1''  34'"  for  the 
same  range.  The  light  remained  constant  at  minimum  for 
21  minutes. 


Stationary 

No. 

Epoch 

Observed  Minima 

0-C 

Mag. 

Period 

Sett. 

93 

rl       h        m 

July     7  15  21.8 

-0.9 

13.5 

4" 

375 

99 

15  18  50.2 

-O.S 

12.8 

2('i 

260 

121 

Aug.  14  15   11.2 

+  2.7 

13.2 

20 

153 

124 

IS  17     9.6 

+  1.1 

13.6 

- 

213 

149 

Sept.  21  15  37.5 

-9.3 

13.2 

15 

392 

152 

25  17  31.8 

+  0.9 

12.7 

32 

345 

155 

29  19  12.5 

-2.6 

13.0 

21 

249 

The  epochs  are  reckoned  from  the  following  elements 
recently  published  by  Mr.  S.  Blajko  in  A.X.  3888  : 

Min.  =  1903  Mar.  S""  9"  34-  Gr.  M.T.     ,     + 1-"  8"  34™  43-  E 

The  observed  minima  are  given  in  Geocentric  Gr.  M.T. 
The  moment  midway  in  the  "stationary  period"  has  been 
chosen  as  the  time  of  minimum.  On  August  18  the  group- 
ing of  the  observations  was  such  that  the  exact  length  of 
the  stationary  period  could  not  be  determined.  The  in- 
crease and  decrease  were  so  rapid  that  a  fairly  accurate 
time  of  minimum  was  found.  The  column  headed  O— C 
gives  the  difference  between  the  observed  minima  and  those 
computed  from  the  above  elements.  The  fourth  column 
gives  the  magnitude  at  minimum  derived  from  a  prelimi- 
nary value  of  the  magnitude  of  the  comparison-star.  While 
the  relative  value  of  these  magnitudes  are  accurate  the 
absolute  value  of  the  scale  may  be  subject  to  correction. 
The  fifth  column,  headed  "stationary  period,'"  gives  the 
number  of  minutes  during  which  the  variable  was  sensibly 
constant  in  brightness  at  minimum.  The  last  column  gives 
the  number  of  settings  of  the  instrument  on  both  the 
variable  and  the  comparison-star. 

There  seems  to  be  a  relation  between  the  time  during 
which  the  star  is  nearh-  constant  in  brightness  and  the 
magnitude  at  minimum.  It  is  obvious  from  a  comparison 
of  the  fourth  and  fifth  columns  that  the  fainter  the  magni- 
tude at  minimum  the  shorter  is  the  stationary  period. 

On  August  IS,  the  faintest  minimum  so  far  observed,  the 
duration  of  the  "  stationary  period  "'  must  have  been  very 
brief,  but  the  grouping  of  the  observations  was  such  as  to 
give  no  positive  information  as  to  its  actual  length.  In 
this  case  the  increase  and  decrease  were  so  rapid  near  the 
minimum  light  that  the  time  of  minimum  could  be  fairly 
accurately  determined. 

It  is  interesting  to  note  that  if  the  eclipsing  body  were 
a  double  star,  in  which  the  components  were  close  together, 
that  the  plienomena  of  these  curves  could  be  in  part  ex- 
plained. Such  a  hypothesis  would  require  that  occasion- 
ally there  should  be  a  "standstill "  on  the  curve,  when 
first  one  body  should  enter  u{)on  the  eclipse  position  fol- 
lowed after  a  short  interval  by  the  other.  Such  irregu- 
larities are  suspected  from  the  observations  now  accumu- 
lated. But  a  more  thorough  set  of  observations  must  be 
made  before  this  interesting  feature  can  be  regarded  as 
proved. 

Princeton  Unirersity,   1903  Oct.  12. 
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AVOLF'S  "NEW   STAR"  IN 

By  E.  E.  BAKNAUI). 

Telo^fiaphic  aiiiiouucenient  was  received  on  Oct.  •'>  of 
the  Jiscovery  uf  a  new  star  11",  by  Dr.  Max  Woi.k,  in  the 
position, 

190;i.O     20''  M'"  o7M)     +.'57°  9'  49" 


CYGNUS. 


Ob.servations  of  this  object  were  made  here  on  the  same 
evening  witli  tlie  large  telescope.  The  star  was  estimated 
as  lOi^",  and  was  very  red. 

The  following  measures  were  made  of  its  position  witii 
reference  to  Lund  A.G.C.  9237  (8".9). 

la  74".99  (4  Obs.)  =  0"'  6».27     ,     M  lo".72  (4  obs.) 

The  new  star  was  south  following. 

Following  is  the  position  of  the  comparison-star. 

190;5.0     20"  14""  o0».75     +37°  10'  l".l 

From  this  the  position  of  Wolf's  star  is 

1903.0     20"  14™  o7'.02     +37°  9'  47".4 

It  was  also  referred  to  the  comparison-star  by  position 
angle  and  distance. 

P.A.  100°.22  (6  obs.)     ,     Dist.  76".ll  (5  obs.  double  dist.) 

Ill  the  D.M.  are  two  stars  whose  places  for  1855.0  are 


J).M. 

+  37.3875 

9.1 

20  13  4.0 

+  37  0.4 

D.M. 

+  37.3876 

9.5 

20  13  9.6 

+  37  0.4 

The  first  of  these  is  A.G.C.  Lund  9237.  The  second  oc- 
cupies exactly  the  position  of  AVolf's  object,  and  as  there 
is  no  other  star  at  this  point,  I  assume  that  the  '■  new 
star"  is  identical  with  D.M.  +37°.3876  though  it  is  at 
least  one  magnitude  less  than  that  given  in  D.M. 


I  have  a  trial  plate,  made  May  8,  1902,  at  11"  ]5"'  — 
12''  0'",  with  the  10-inch  Brashear  doublet  for  the  Bruce 
telescope  - —  then  being  tested  here,  that  covers  the  region 
in  question.  Wolf's  star  is  strongly  shown  on  it.  It  ap- 
pears to  be  roughly'  2  magnitudes  less  than  the  Lund  star 
preceding  it.  The  magnitude  is  uncertain,  but  roughly  it 
is  what  would  be  expected  to  result  from  rlie  present  red 
color  and  magnitude  of  the  star. 

The  star  was  examined  by  Messrs.  Fkost,  Ai>ams  and 
Reese  through  a  small  prism  placed  over  the  eyepiece 
of  the  micrometer.  But  they  were  unable  to  detect  bright 
lines  in  its  spectrum  or  to  note  any  particular  resemblance 
to  the  visual  spectrum  of  Noiui.  Persei  when  of  about  the 
same  magnitude,  although  the  dispersion  employed  renders 
definite  statements  difficult.  The  seeing  was  bad  which 
made  observations  somewhat  uncertain. 

Mr.  J.  A.  Pakkhukst  measured  the  brightness  of  the 
star  with  the  photometer  on  the  12-inch  and  found  it,  at 
9"  15'"  (Central  Standard  time),  to  be  10". 6  on  the  Har- 
vard College  Scale  of  magnitude. 

Measures  of  the  position  of  two  small  stars  near  Wolf's 
"Nova"  =  D.M.  +37°.387t). 

+  37°. 3876  and  13"  star  n.f. 
1903  Oct.  5     30°.ll  (5  obs.)     49".  19  (8  obs.) 

+  37°. 3876  and  14"  star  s.p. 
1900  Oct.  5     206°.52  (5  obs.)     66".17  (8  obs.) 

It  has  not  been  thought  necessary  to  further  measure 
these  stars. 

Yerkes  Observatory,  190.3  Oct.  6. 


NOTE   ON   WOLF'S   "NEW  STAR"   OF   SEPTEMBER  21,  1903, 

By  HERBERT  A.  HOWE. 
In  a  recent  Astronomical  Bulletin  of  the  Harvard  Col- 
lege Observatory,  the  declination  of  Wolf's  new  star  is 
given  as  +37°  9'  49"  (1903.0),  as  per  telegram  from  Kiel. 
This  object  is  of  0'.2  south  of  Lund  A.G.  Catal.9237,  by 
an  observation  made  at  the  Chamberlin  Observatory  on 
Oct.  9.  Unfortunately  the  catalogued  declination  of  this 
star  is  1'  too  great;  this  fact  has  been  determined  at  the 
Chamberlin  Observatory  by  micrometrical  comparison  of 
the  star  with  Nos.  9236,  9221,  and  9211  of  the  same  cata- 


logue. The  declination  of  the  "new  star,"  as  deterniiued 
by  a  rough  measure,  is  +37°  8'  49"  (1903.0).  On  Oct.  10 
the  "new  star"  seemed  to  be  of  10",  and  to  be  quite  red. 
It  appears  to  be  identical  with  one  of  the  stars  in  the 
Birmingham  Red  Star  Catalogue,  which  is  called  Es.-Birm. 
662a  on  p.  104  of  the  revised  edition  of  Webb's  Celestial 
Objects  for  Common  Telescopes ;  the  declination  there  given 
is  3'  too  small. 
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WEIGHTS  AND  SYSTEMATIC   CORRECTIONS    OP   MERIDIAN   OBSERVATIONS 
IN   RIGHT- ASCENSION   AND  DECLINATION, 

By   lewis   boss. 


The  systematic  corrections  published  in  this  paper  were, 
in  all  cases,  determined  from  comparison  witli  the  finally 
computed  positions  of  the  Standard  Stars  (System  B., 
A.J.  531-2).  There  were  699  of  these  stars,  of  which  265 
are  south  of  —22°.  Sixty -six  of  the  latter  (with  six  others) 
the  motions  of  which  have  been  less  accurately  determined, 
have  been  excluded  from  publication  for  the  present. 

The  adopted  systematic  corrections  for  right-ascensions 
are  contained  in  Tables  I,  II  and  III;  those  for  decli- 
nations, in  Tables  IV  and  V.  They  do  not  differ  materially 
from  the  corrections  which  were  employed  in  computing 
the  positions  for  the  Catalogue,  except  that  corrections  for 
magnitude-equation  were  not"  employed  in  deriving  those 
positions. 

If  Table  I  be  emploj'ed  to  free  the  individual  catalogues 
from  the  effect  of  magnitude-equation,  the  Standard  Cata- 
logue itself  can  be  made  consistent  with  the  right-ascen- 
sions thus  corrected  by  application  of  the  correction, 

-O'.OOTT  (3/- 3.5). 

In  this  way.  also,  the  right-ascensions  of  the  Standard 
Stars  would  be  prepared  for  consistent  use  in  the  reduction 
of  transits  which  have  been  properly  corrected  for  magni- 
tude-equation. The  Standard  Catalogue,  corrected  in  this 
way,  has  alreadj'  been  emploj'ed  with  distinct  advantage 
in  the  reduction  of  transits  for  the  Albany  Catalogue, 
1896-1900. 

The  derivation  of  the  magnitude-equation,  ./«„,  Table  1, 
has  already  been  explained  (.1../.  536).  It  only  remains 
to  add  that  the  effect  of  the  correction  has  been  as- 
sumed to  ap])ly  with  sufficient  accuracy  down  to  the 
seventh  magnitude.  One  may  extend  the  corrections  by 
extrapolation  to  still  fainter  magnitudes,  but  may  antici- 
pate that,  in  many  instances,  the  quantities  so  determined 
may  diverge  materially  from  the  truth.  In  some  cases  the 
material  for  determination  of  Ja„  is  quite  scanty.  For 
Piazzi,  Greenwich  15,  Dorpat  15,  Konigsberg  15,  Cape  30, 
Armagh  40,  Cape  50,  Santiago  55  and  60,  and  Pulkowa 
1892,  it  was  deemed  safest  to  assume  the  mean  value  of  the 
magnitude-equation,   —  O'.OOTT  (-1/— 3.5),  to  be  applicable 


to  the  right-ascensions  of  those  catalogues.  For  nearly  all 
catalogues  of  a  date  earlier  than  1850,  Ja^  is  quite  uncer- 
tain, owing  to  small  weight  of  material  for  its  determi- 
nation. 

The  adopted  formula  of  correction  in  computing  z/a., 
Table  II,  and  //S. ,  Table  IV,  is  : 

a  sin  a  +  1/  cos  a  +  r  sin  2«  +  d  cos  2ft 

Terms  in  2«  have  seldom  been  adopted,  and  in  instances 
where  they  were  employed  the  object  is  not  so  much  to 
represent  a  known  source  of  error  (as  in  the  case  of  terms 
of  single  period)  as  it  is  to  use  them  in  lieu  of  a  graphic 
solution.  It  is  especially  desirable  that  the  part  of  syste- 
matic correction  of  the  form,  a  sin  a  +  b  cos  a,  at  least, 
should  be  removed  from  the  individual  series  of  right- 
ascensions  and  declinations,  since  the  equations  which  ex- 
press the  effects  of  various  forms  of  sidereal  rotation,  of 
solar  motion,  and  of  correction  for  imperfect  precession, 
contain  terms  of  this  form.     A  term  of  the  form, 

J'h^  =  (a'  siurt  +  //  cos«)  tan  S 

is  sometimes  employed  for  the  right-ascensions.  In  Table 
II  the  values  of  that  part  of  J'a,  contained  in  parenthesis 
is  given  on  the  line  below  Jn^  for  the  catalogue  in  ques- 
tion. Therefore,  in  order  to  form  J'a^,  the  numbers  on 
the  second  line  for  the  respective  catalogues  (opposite 
"X(tanS)"in  the  margin)  must  be  multiplied  by  tan  S 
and  then  added  to  the  corresponding  numbers  of  the  first 
line;  so  that  the  entire  correction,  having  the  argument, 
right-ascension  in  whole  or  in  part,  is  J«.  +  J'a,. 

The  supposed  equinox-corrections  are  always  includid 
in  Ja^,  Table  II;  since  it  seems  to  be  desirable  that  Ju, 
should  exhibit  clearly  the  discrepancies  between  the 
meridian  of  the  standard  and  those  of  the  individual  cata- 
logues. 

In  Table  III,  which  exhibits  values  of  Ju,.  the  values 
of  Ja,  cos  8  for  85°  and  SO"  of  declination  are  also  given  in 
order  to  facilitate  interpolation.  These  can  usually  be 
extrapolated  for  declinations  higher  than  85°.  The  curves 
of  correction  were  originally  determined  for  Ja,  cos  S.     In 
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iiKiii}  lases  it  would  be  inec'liauically  impracticable  to  de- 
termine them  otherwise. 

It  is  scarcely  necessary  to  remark  that  the  determinatc- 
ness  of  the  several  curves  of  correction  varies  greatly, — 
from  the  uncertainty  which  pertains  to  sucli  catalogues  as 
those  of  PiAzzi,  Madras,  Armagh,  Cape  50,  and  Santiago, 
to  the  definiteness  which  belongs  to  the  better  modern 
catalogues.  What  a  simple  matter  the  drawing  of  a  curve 
of  correction  may  become  is  illustrated  by  the  following 
statement  of  observed  values  of  Ja,  cos  8,  or  J8j,  for  six 
catalogues,  selected  as  fair  representatives  of  a  large  num- 
ber of  the  better  cla-ss  of  modern  catalogues. 

(Dbskrved  Systematic  Corkections. 
Jii,  cos  8  Jo, 


Strass.  t>.7    Lisb.  90 


Paris  (;0  Crw.W)  r'ulk.8r) 


+  77 

-.015 

+  .023 

-.010 

-.16 

+  .02 

+  .06 

70 

— .o(h; 

-.015 

_ 

-.03 

+  .26 

—  .03 

()5 

-  .004 

+  .025 

-.002 

+  .19 

+  .i(; 

+  .13 

()0 

-.010 

+  .013 

+  .001 

-.01 

+  .25 

+  .01 

55 

-.019 

+  .016 

-.001 

+  .25 

+  .12 

+  .05 

50 

-.023 

+  .011 

-.006 

+  .22 

+  .09 

+  .01 

45 

-  024 

-t-.012 

-.006 

+■.06 

+  .12 

+  .05 

40 

-  .005 

+  .003 

-.008 

-.08 

-.05 

+  .09 

;i5 

-I-.OIO 

-.001 

-  .004 

-.25 

-.06 

+  .14 

30 

+  .007 

-.002 

-.002 

-.16 

-.06 

+  .19 

25 

-h.Oll 

-.007 

-.005 

-.14 

+  .26 

+  .21 

20 

+  .008 

-.002 

-.001 

-.25 

+  .15 

+  .25 

15 

+  .011 

-.008 

+  .003 

-.27 

+  .29 

+  .25 

10 

+  .00(! 

-.008 

+  .006 

-.31 

+  .40 

+  .24 

+  5 

-  .009 

+  .005 

+  .002 

-.24 

+  .12 

+  .29 

0 

-.007 

+  .010 

+  .006 

-.21 

—  .02 

+  .18 

—  5 

-.012 

+  .012 

+  .007 

-.15 

+  .26 

+  .21 

10 

-.014 

+  .005 

—  .008 

-.17 

+  .37 

+  .20 

15 

-.010 

+  .002 

-.006 

-.09 

+  .43 

+  .02 

20 

+  .007 

-.003 

-.008 

+  .11 

+  .50 

—  .03 

-25 

+  .003 

-.003 

-  .006 

+  .51 

+  .59 

The  preceding  table  shows  how  small  are  likely  to  be 
the  remaining  systematic  uncertainties  in  reducing  a  single 
star-catalogue  to  a  given  system  of  Standard  Stars.  The 
consequent  inference  would  be  that,  in  any  future  investi- 
gations involving  the  motions  derived  from  thousands  of 
stars,  the  degree  of  systematic  accuracy  attainable  would 
practically  be  measured  by  that  of  the  Standard  Catalogue 
itself.  Thus,  aside  from  certain  incidental  reservations, 
connected  with  the  magnitude-equation  and  similar  points, 
the  question  whether  systematic  errors  can  be  avoided  in 
researches  upon  precession,  solar  motion,  and  the  like,  re- 
solves itself  into  the  question,  what  degree  of  freedom  from 
systematic  error  can  be  attained  in  the  construction  of 
extensive  standard  catalogues.  The  obvious  advantage  of 
this  rests  in  the  probability  that  a  general  discussion  of 
stellar  motions  based  upon  the  few  large  catalogues  of 
observation  would  practically  enjoj'  whatever  of  freedom 
from  systematic  error  attaches  to  the  mean  of  all  the  best 
observations  ever  made. 


In  <lrawing  the  curves  it  is  of  very  great  importance 
that  due  regard  be  had  for  the  weiglits  of  the  observed 
quantities,  and  that  constant  errors,  pertaining  to  comi)ara- 
tively  broad  zones,  be  avoided.  The  latter  requirement 
was  kept  constantly  in  mind.  As  an  aid  in  the  fulfillment 
of  these  requirements  tlie  means  by  weight  of  successive 
zones  were  formed  in  the  combinations:  +77°,  70°,  65°; 
+  70°,  65°,  60°;  +65°,  60°,  55°,  etc.  Thus,  when  these 
are  plotted,  we  have  a  series  of  points,  at  intervals  of  5°. 
each  representing  the  mean  observed  correction  for  a  zone 
15°  in  breadth.  As  a  matter  of  fact,  for  nearly  all  the 
modern  catalogues  (and  for  the  better  part  of  the  older) 
these  means  defined  the  curves  very  closely;  so  that  very 
little  was  left  in  doubt  as  to  the  true  location  of  the  curve 
at  any  point.  Of  course  the  maxima  and  minima  points 
were  less  sharply  indicated  by  the  means  of  15°-zones;  yet 
it  was  rarely  deemed  best  to  follow  up  sharper  inflections 
apparently  indicated  by  the  5°-means.  The  entire  process, 
in  its  practical  working,  tends  to  inspire  confidence  in  the 
reality  and  substantial  accuracy  of  the  principal  features  of 
curves,  as  indicated  in  Tables  III  and  V. 

It  may  not  be  superfluous  to  call  attention  again  to  the 
object  of  systematic  correction  of  meridian  observations. 
The  object  of  first  importance  is  to  obtain  positions  and 
motions  of  stars,  in  large  numbers,  which  shall  be,  in  the 
mean,  as  free  as  possible  from  the  effects  of  systematic 
error.  A  secondary  object  is  to  secure  greater  accuracy  in 
the  computed  position  and  motion  of  an  individual  star. 
Some  computers  seem  to  look  upon  this  secondary  purpose 
as  the  only  one  worth  considering  ;  and  they  are  apparently 
disappointed  if  eagh  adopted  systematic  correction  does 
not  manifestl}'  improve  the  accordance  of  the  various  cata- 
logues in  each  individual  instance.  From  this  point  of 
view  a  systematic  correction  of  0".l  is  certainly  of  no  im- 
portance. But  when  we  are  considering  stellar  motions  in 
large  numbers  for  determination  of  the  apex  of  solar  mo- 
tion, for  example,  a  systematic  error  of  0".l  in  the  centen- 
nial motions  might  mean  an  error  of  more  than  one  degree 
in  the  determination  of  the  apex.  In  all  such  researches 
the  casual  errors  of  observation  can  be  reduced  to  a  role  of 
minor  importance  by  including  a  sufficient  number  of  stars 
and  by  taking  advantage  of  all  the  principal  series  of 
observations  already  on  record. 

The  Tables  of  Ja,  and  Jh,  apply  to  the  indiscriminate 
means  of  observations  at  upper  and  lower  culminations,  as 
printed  in  the  respective  catalogues.  Doubtless,  greater 
precison  could  have  been  reached  through  the  separation 
of  the  two  classes  of  observation.  Except  in  a  few  cases, 
however,  this  separation  would  have  been  either  impossible 
or  impracticable.  On  the  other  hand,  some  effort  has 
usually  been  exerted  by  the  observers  to  bring  observations 
at  lower  culmination  into  substantial  harmony  with  tho&e 
made  at  upper  culmination ;  and  even  where  this  has  not 
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been  accomplished  we  may  still  obtain  a  mean  systematic 
correction  by  the  treatment  of  the  results  indiscriminately. 

For  Bradley  1755  ("Auwers),  St.  Helena  1830,  Cape 
1833,  and  Madras  1875,  it  has  been  assumed  that  gradu- 
ation errors  form  an  important  part  of  the  systematic 
corrections  required.  The  facts  relative  to  Bradley's 
declinations  have  been  set  forth  in  A.J.  545  ;  and  relative 
to  Caiie  1833  (Hexderson)  in  A.J.  oil.  The  particulars 
regarding  Madras  1875  are  given  further  on.  in  Note  17. 

Piilkowa  1855  is  not  included  in  Tables  I,  II  and  III, 
since  it  does  not  contain  observed  right-ascensions  of  the 
principal  standard  stars.  Meanwhile,  the  correction  of  its 
right-ascensions  may  be  assumed  to  be  the  mean  between 
those  applicable,  respectively,  to  Pulkowa  1845  and  Pulko- 
wa  1865,  upon  which  it  was  based ;  though  this  process 
may  not  yield  a  veiy  accurate  result. 

In  general,  no  attempt  has  been  made  to  ascertain  the 
systematic  corrections  applicable  to  the  various  zodiacal 
catalogues,  to  annual  results  not  collected  in  the  form  of 
a  catalogue,  to  various  catalogues  of  limited  extent,  and 
to  certain  modern  catalogues  that  contain  very  few  obser- 
vations of  the  principal  stars.  The  requisite  computations 
for  ascertaining  the  systematic  corrections  of  these  various 
classes  of  catalogues  can  be  attended  to  with  much  greater 
precision  and  economy  -of  labor  at  a  later  stage  of  this 
investigation. 

Tables  VI  and  YII  contain,  respectively,  the  computed 
weights  for  the  right-ascensions  and  declinations  of  the 
various  catalogues.  In  great  part  they  remain  as  they 
were  adopted  in  the  final  approximation  for  determination 
of  the  positions  contained  in  the  catalogue.  For  many  of 
the  catalogues  of  smaller  weight,  and  especially  for  the 
more  extensive  catalogues,  the  weights  have  been  revised 
since  the  computations  for  tlie  catalogue.  In  nearly  all 
cases  the  differences  from  the  weights  previously  assumed 
were  comparatively  unimportant. 

The  adopted  unit  of  weight  in  right-ascension  is  sup- 
posed to  correspond  to  a  probable  error  of  ±  0'.020  sec  8 : 
and  in  declination,  to  a  probable  error  of  ±0".30. 

In  the  preliminary  stages  of  the  work  in  right-ascension 
I  have  been  much  indebted  to  the  valuable  tables  bj'  Dr. 
Auwers,  A.2\^.  3615-16.  In  general,  the  weiglits  for  large 
numbers  of  observations  are  assumed  to  be  less  in  the 
tables  of  this  paper  than  in  those  of  Auwers.  The  theo- 
retical factors  by  which  the  weights  of  Auwers  should  be 
multiplied  in  order  to  reduce  them  to  the  units  of  Tables 
\'l  and  VII  are  0.694  and  1.414,  respectively.  It  has  been 
considered  advisable  to  regard  ±0".l  as  a  sort  of  limit  of 
precision  attainable  in  the  determination  of  either  co- 
ordinate of  an  individual  star.  Within  this  limit  it  is 
assumed  that  minute  sources  of  error,  beyond  the  skill  of 
the  observer  to  evade,  may  be  at  work,  tending  to  reduce 
all  observations  of  high   class  to  one  level  of  precision. 


however  much  one  may  apparently  excel  another  in  recog- 
nized sources  of  excellence.  For  the  catalogues  of  a  date 
later  than  1885  the  weights  of  the  individual  catalogues 
are  largely  the  result  of  certain  approximate  assumptions 
regarding  the  weights  of  the  Standard  Catalogue.  To 
have  made  the  computations  rigorously  would  have  cost 
what  seemed  to  be  an  unjustifiable  amount  of  labor. 

The  accuracy  of  the  tables  is  greatest  for  the  number  of 
observations  most  frequently  occurring.  The  most  uncer- 
tain element  is  the  rate  of  increase  with  number  of  obser- 
vations. The  adopted  formulas  for  computing  the  weights 
were  : 

(±0».020)-^ 
p^  =  ^  for  right-ascensions,  and 

A  ■;•-  -| — 
n 

(±0".30)%       ,     ,.     ,. 

Pi  =  '    tor  declinations. 

r 

A'V=-1-  - 

n 

In  these  n  represents  the  number  of  observations  of  a 
star,  r  represents  the  probable  error  of  one  observation, 
and  Kr  the  probable  error  of  an  infinite  number  of  obser- 
vations upon  any  one  star.  Extensive  tables,  in  which  A' 
has  values  ranging  from  one  to  0.067,  permit  the  values  of 
iTand  r  to  be  determined  with  comparative  ease  when  the 
material  is  sufficient.  In  general,  these  formulas  can  be 
regarded  mereh"  as  approximations.  In  catalogues  where 
the  observations  have  been  made  in  a  variety  of  conditions, 
over  a  considerable  period,  or  by  several  observers,  it  is  not 
practicable  to  represent  the  probable  errors  by  any  simple 
formula.  On  the  whole,  it  is  believed  that  the  method 
adopted  leads  to  results  for  weight  which  are,  beyond 
question,  superior  to  any  which  can  be  assigned  without 
computation,  on  the  basis  of  a  general  judgment  alone. 
Furthermore,  it  should  be  remembered  that  these  weights 
cannot  be  regarded  as  the  weights  of  the  catalogue  po- 
.sitions  as  they  stand  ;  they  are  the  weights  of  the  corrected 
positions  ;  and  they  take  no  account  of  the  probable  error 
of  the  corrections. 

The  extension  of  the  weights  in  right-ascension  outside 
the  equatorial  zone  is  a  process  not  practically  capable  of 
a  high  degree  of  accuracy  in  the  result.  For  observations 
of  transit  by  ••  eye  and  ear  "  the  polar  right-ascensions  are 
usually  more  precise  than  those  of  a  corresponding  num- 
ber of  observations  in  the  equatorial  zone.  Sometimes  this 
is  the  case  when  the  transits  have  been  registered  on  a 
chronograph.  For  catalogues  in  reference  to  which  we 
may  suppose  that,  either  the  collimation,  or  the  polar 
deviation,  have  been  badly  determined,  the  weight  may  l>e 
decidedly  less  for  stars  of  high  declination,  —  as  in  the 
case  of  the  two  Madras  Catalogues.  In  Table  VI  the 
weight  is  usually  given  for  the  equatorial  zone,  "Eq." 
Where  it  is  also  given  for  higher  declinations  it  is  intended 
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tliat  interpolation  shall  be  made  from  ±  ,^0°  (or  ±20°,  if 
preferred)  to  the  hitflier  declination,  without  extrapolation 
from  the  highest  declination  to  the  pole.  In  the  use  of 
these  weights  it  has  been  our  practice  to  reduce  them  when 
observations  of  right-ascension  have  been  made  at  a  zenith- 
distance  of  72°,  or  greater;  or  of  declination,  at  a  zenith- 
distance  of  (;jj°,  or  greater,  according  to  the  following  table 
of  arbitrary  factors. 

F.VCTOKS     FOK    WEKilirS. 

Zl)         U.A.        Decl.  Zl)  U.A.        Decl. 


6;") 

10 

0.9 

GG 

1.0 

0.9 

67 

1.0 

0.8 

68 

1.0 

0.8 

69 

1.0 

0.8 

70 

1.0 

0.7 

71 

1.0 

0.7 

72 

0.9 

0.6 

73 

0.9 

0.6 

74 

0.8 

O.o 

7i> 

0.8 

0.-) 

76 

0.7 

0.4 

77 

0.7 

0.4 

78 

^yi\ 

0..'5 

79 

o.r. 

0.2 

SO 

0.4 

0.1 

81 

0.25 

0.0 

82 

0.1 

0.0 

Occasionally  this  amount  of  diminution  has  been  in- 
ferred from  statements  of  probable  error  contained  in  the 
introduction  to  the  respective  catalogues. 


Some  references  to  the  peculiarities  of  individual  cata- 
logues are  contained  in  the  series  of  articles  upon  the 
Standard  Catalogue.  Others  will  be  found  in  the  notes 
hereto  appended,  to  which  reference  is  made  by  numbers 
prefixed  to  the  designation  of  individual  star-catalogues  in 
the  tables. 


'abi.k  1. 

Mags 

ITVUE-I 

Equation. 

Magnitude 

2>'.0 

:!>'.0 

4>'.0 

•JM.O 

(i'Ml 

T-.O 

Kr.    1 

-55 

+  .017 

+  .oo(; 

-.006 

-.017 

-.028 

-.040 

I'i.    1800 

+  .012 

+  .004 

-.004 

-.012 

-.019 

-.027 

Grw. 

15 

+  .012 

+  .004 

-.004 

-.012 

-.019 

-.027 

J)(>t. 

15 

+  .012 

+  .004 

-  .004 

-.012 

-.019 

-.027 

Kgb. 

15 

+  .012 

+  .0(14 

-.004 

-.012 

-.019 

-.027 

Kgb. 

25 

+  .018 

+  .006 

-.006 

-.018 

-.029 

-.((41 

Dpt. 

30 

+  .017 

+  .006 

-.006 

-.017 

-.028 

-.040 

Cape 

30 

+  .012 

+  .004 

-.004 

-.012 

-.019 

-.027 

St.  H. 

30 

+  .012 

+  .004 

-.004 

-.012 

-.019 

-.027 

Abo 

30 

+  .017 

+  .006 

-.006 

-.017 

-.029 

-.041 

Grw. 

30 

+  .01{i 

+  .005 

-  .005 

-.016 

-.026 

-.036 

Camb 

30 

+  .008 

+  .003 

-.003 

-.008 

-.014 

-.020 

Cape 

33 

+  .014 

+  .005 

-.005 

-.014 

-.024 

-.033 

)  Madr 

35 

.+  .024 

+  .008 

-.008 

-.024 

-.039 

-.055 

Arm. 

40 

+  .012 

+  .004 

-.004 

-.012 

-.019 

-.027 

Table  II. 

Syste.matic  C 

ORKECTIONS    OF    THE    FoKM,    zj«.  . 

KlOHT- 

Ascension. 

U.A 

0" 

ih 

2" 

3'' 

4" 

S" 

6>> 

7" 

Sh 

91' 

10'' 

11" 

I2i» 

Br.    1 

-55 

-!o75 

-.078 

-.081 

-!o83 

-'086 

-.088 

-"089 

-'090 

-'090 

-.089 

-  .087 

-.085 

-!083 

(  Pi.    1800 

+  .100 

+  .101 

+  .103 

+  .107 

+  .111 

+  .116 

+  .120 

+  .125 

+  .129 

+  .132 

+  .135 

+  .136 

+  .136 

\  X(tan 

8) 

+  .048 

+  .024 

-.002 

-.028 

-.051 

-.072 

-.087 

-.096 

-.099 

-  .095 

-.085 

-.069 

-.048 

Grw. 

15 

-.025 

-  .022 

-.018 

-.015 

-.011 

-.007 

-.004 

-.002 

.000 

.000 

-.001 

-.002 

-.005 

4)  Dpt. 

15 

+  .034 

+  .034 

+  .032 

+  .027 

+  .021 

+  .013 

+  .004 

-.005 

-.014 

-.021 

-.027 

-.032 

-.034 

Kgb. 

15 

-.082 

-.082 

-.082 

-.082 

—  .082 

-.082 

-.082 

-.082 

-  .082 

-.082 

-.082 

-.082 

-  .082 

5)  Kgb. 

20 

-.034 

-.034 

-.034 

-.034 

-.034 

-.034 

-.034 

-.034 

-.034 

-.034 

-.034 

-.034 

-.034 

Kgb. 

25 

+  .019 

+  .022 

+  .025 

+  .030 

+  .033 

+  .036 

+  .038 

+  .039 

+  .040 

+  .039 

+  .037 

+  .035 

+  .032 

Dpt. 

30 

-.016 

-.014 

-.011 

-.010 

-.009 

—  .009 

-.010 

-.011 

-.013 

-.016 

-.019 

-.022 

-  .025 

Cape 

30 

+  .027 

+  .035 

+  .041 

+  .046 

+  .048 

+  .047 

+  .045 

+  .040 

+  .033 

+  .025 

+  .016 

+  .007 

-.001 

St.  H. 

30 

-.065 

-.064 

-.062 

-.059 

-.056 

-.051 

-.046 

-.041 

-.036 

-.033 

-.030 

—  .028 

-.027 

Abo 

30 

+  .014 

+  .014 

+  .015 

+  .016 

+  .017 

+  .017 

+  .018 

+  .018 

+  .018 

+  .018 

+  .018 

+  .017 

+  .016 

Grw. 

30 

-.061 

-.063 

-.065 

-.067 

-.069 

-.070 

-.071 

-.071 

-.070 

-.069 

-.068 

-.066 

-.063 

Camb 

30 

-.019 

-.020 

-.022 

-.023 

-.025 

-.027 

-.028 

-.030 

-  .030 

-.031 

-.031 

-.030 

-.029 

Cape 

33 

+  .006 

+  .006 

+  .007 

+  .008 

+  .011 

+  .014 

+  .017 

+  .021 

+  .025 

+  .028 

+  .031 

+  .034 

+  .035 

Madr. 

35 

-.062 

—  .057 

-.052 

-.047 

-.042 

-.0.38 

-.035 

-.033 

-.032 

-.033 

-.035 

-.038 

-.042 

Arm. 

40 

+  .045 

+  .046 

+  .047 

+  .049 

+  .050 

+  .052 

+  .053 

+  .054 

+  .055 

+  .056 

+  .056 

+  .056 

+  .055 

Cape 

40 

-.001 

-.005 

-.007 

-.010 

-.012 

-.014 

-.015 

-.015 

-.015 

-.013 

-.011 

-.009 

-.006 

Grw. 

40 

+  .094 

+  .086 

+  .078 

+  .070 

+  .063 

+  .0.-)8 

+  .054 

+  .052 

+  .052 

+  .054 

+  .058 

+  .064 

+  .071 

Grw. 

45 

+  .040 

+  .035 

+  .029 

+  .022 

+  .016 

+  .010 

+  .005 

+  .001 

-.001 

-.002 

-.001 

+  .002 

+  .006 

Rad. 

45 

+  .023 

+  .015 

+  .005 

-.007 

-.020 

-.034 

-.046 

-.057 

-.066 

-.072 

-.074 

-.073 

-.068 

Pulk. 

45 

+  .019 

+  .019 

+  .019 

+  .020 

+  .020 

+  .021 

+  .022 

+  .023 

+  .024 

+  .025 

+  .026 

+  .026 

+  .027 

Paris 

45 

+  .027 

+  .025 

+  .023 

+  .021 

+  .019 

+  .018 

+  .017 

+  .017 

+  .017 

+  .018 

+  .019 

+  .021 

+  .023 

Stgo. 

50 

+  .012 

+  .009 

+  .007 

+  .004 

+  .001 

-.001 

-.004 

-.006 

-.007 

-.007 

-.007 

-  .005 

-.004 

Grw. 

50 

+  .011 

+  .007 

+  .002 

-.003 

—  .007 

-.011 

-.015 

-.017 

-.018 

-.018 

-.017 

-.015 

-.011 

N°^-  549 

-550 

Table  I.     M 
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agxitude-Equj 

Table  I.     Magnitude-Equation.  — 

-  Cont. 

Magnitude 

:i«.0 

s^.o 

4«.0 

o«.0 

6«.0 

7».0 

Magnitude 

2X.0 

3«.0 

4'«.0 

s-.o 

6».0 

7«.0 

Cape 

40 

+  .012 

+  .004 

-.004 

-.012 

-.020 

-.027 

Grw. 

72 

+  .014 

+  .005 

-.005 

-.014 

-.024 

-.033 

Grw. 

40 

-.001 

.000 

.000 

+  .001 

+  .002 

+  .003 

1)  Madv 

75 

+.015 

+  .005 

-.005 

-.015 

-.024 

-.034 

Grw. 
Rad. 
Pulk. 

45 
45 

45 

+  .001 
+  .024 
+  .008 

.000 
+  .008 
+  .003 

.000 
-.008 
-.003 

-.001 
-.024 
-.008 

-.001 
-.040 
-.014 

-.002 
-.056 
-.019 

Wn. 

Pulk. 

Harv 

75 
75 
75 

+  .013 
+  .008 
+  .010 

+  .004 
+  .002 
+  .003 

-.004 
-.002 

-.oo:; 

-.013 

-.008 
-.010 

-.021 
-.012 
-.017 

-.029 
-.018 
-.024 

Paris 

45 

+  .007 

+  .002 

-.002 

-.007 

-.012 

-.017 

Cord. 

75 

+  .015 

+  .005 

-.005 

-.015 

-.024 

-.034 

Stgo. 

50 

+  .018 

+  .006 

^.006 

-.018 

-.030 

-.042 

Paris 

75 

+  .007 

+  .002 

-.002 

-.007 

-.011 

-.016 

Grw. 
Cape 
Stgo. 

50 
50 
55 

+  .007 
+  .012 
+  .012 

+  .002 
+  .004 
+  .004 

-.002 
-.004 
-.004 

-.007 
—  .012 
-.((12 

-.012 
-.019 
-.019 

-.016 
-.027 
-.027 

Cape 
Melb. 
Grw. 

80 
80 
80 

+  .017 
+  .007 
+  .010 

+  .006 
+  .002 
+  .003 

-.006 
-.002 
-.003 

-.017 
-.007 
-.010 

-.028 
-.011 
-.016 

-.039 
-.016 
-.023 

Cape 

GO 

+  .016 

+  .005 

-.005 

-.016 

-.027 

-.038 

Pulk. 

85 

+  .012 

+  .004 

-.004 

-.012 

-.019 

-.027 

Wn. 

60 

+  .009 

+  .003 

-.003 

-.009 

-.015 

-.021 

Cape 

85 

+  .012 

+  .004 

-.004 

-.012 

-.020 

-.027 

Grw. 
Rad. 

Stgo. 

60 
60 
60 

+  .010 
+  .019 
+  .012 

+  .003 
+  .006 
+  .004 

-.003 
-.006 
-.004 

-.010 
-.019 
-.012 

-.017 
-.032 
-.019 

-.024 
-.044 
-.027 

Stbg. 
Rad. 
Cape 

85 
90 
90 

+  .009 
+  .011 
+  .019 

+  .003 
+  .004 
+  .006 

-.003 
-.004 
-.006 

-.009 
-.011 
-.019 

-.016 
-.019 
-.031 

-.022 
-.026 
-.044 

Melb. 

60 

+  .014 

+  .005 

-.005 

-.014 

-.023 

-.032 

Mdn. 

90 

+  .019 

+  .006 

-.006 

-.019 

-.032 

-.045 

Paris 

60 

+  .005 

+  .002 

-.002 

-.005 

-.008 

-.012 

Ber. 

90 

+  .005 

+  .002 

-.002 

-.005 

-.008 

-.012 

Grw. 
Cape 
Brs. 

64 
65 
65 

+  .013 
+  .020 
+  .006 

+  .004 
+  .007 
+  .002 

-.004 
-.007 
-.002 

-.013 
-.020 
-.006 

—  .022 
-.034 
-.010 

-.030 
-.047 
-.014 

Lisb. 

Grw. 

2)  Pulk. 

90 
90 
92 

+  .012 
+.009 
+  .012 

+  .004 
+  .003 
+  .004 

-.004 
-.003 
-.004 

-.012 
-.009 
-.012 

-.020 
-.015 
-.019 

-.029 
-.021 
-.027 

Harv. 

65 

+  .020 

+  .007 

-.007 

-.020 

-.033 

—.046 

Mt.  H.  95 

+  .016 

+  .005 

—  .005 

-.016 

-.026 

-.037 

Pulk. 

65 

+  .014 

+  .005 

-.005 

-.014 

-.024 

-.034 

Ber. 

95 

+  .011 

+  .004 

-.004 

-.011 

-.019 

-.027 

Melb. 

70 

+  .011 

+  .004 

-.004 

-.011 

-.018 

-.026 

3)  Alb. 

98 

.000 

.000 

.000 

.000 

.000 

.000 

R.A. 

Br.  1755 
(,  Pi.  1800 
(X(tan8) 

Grw.  15 
4)Dpt.      15 

Kgb.  1 5 

5)Kgb.  20 

Kgb.  25 

Dpt.  30 

Cape  30 

St.  H.  30 
Abo  30 
Grw.  30 
Camb.  30 
Cape    33 

Madr.  35 
Arm.  40 
Cape  40 
Grw.  40 
Grw.     45 

Rad.  45 

Pulk.  45 

Paris  45 

Stgo.  50 

Grw.  50 


Table  II.     Systematic  Cokrections  of  the  Form.  Jic^.     Rkjht-Asi  e.nsiox. 
121.  i3h  i4h  i5h  iQh  i7h  jgh  igh  .20h  21*'  22*' 


-.083 
+  .136 
-.048 
-.005 
-.034 

-.082 
-.034 
+  .032 
-.025 
-.001 

-.027 
+  .016 
-.063 
-.029 
+  .035 

-.042 
+  .055 
-.006 
+  .071 
+  .006 

-.068 
+  .027 
+  .023 
-.004 
-.011 


-.080 
+  .135 
-.024 
-.008 
-.034 

-.082 
-.034 
+  .028 
-.027 
-.009 

—  .028 
+  .015 
-.061 
-.028 
+  .035 

-.047 
+  .054 
-.003 
+  .079 
+  .011 

-  .060 
+  .027 
+  .025 
-.001 
-.007 


-.077 
+  .133 
+  .002 
-.012 
-.032 

-.082 
-.034 
+  .025 
-.030 
-.015 

-.030 
+  .014 
-.059 
-.027 
+  .035 

-  .052 
+  .053 
.000 
+  .087 
+  .017 

-.050 
+  .026 
+  .028 
+  .001 
-.003 


-.075 
+  .129 
+  .028 
-.015 
-.027 

-  .082 
-.034 
+  .021 
-.031 
-.020 

-.033 
+  .013 
-.057 
-.025 
+  .033 

-.057 
+  .051 
+  .003 
+  .094 
+  .024 

-.038 
+  .026 
+  .029 
+  .004 
+  .002 


-.072 
+  .125 
+  .051 
-.019 
-.021 

-.082 
-.034 
+  .018 
-.032 
-.022 

-.030 
+  .013 
-.055 
-.023 
+  .031 

-.062 
+  .050 
+  .005 
+  .101 
+  .030 

-.025 
+  .025 
+  .031 
+  .007 
+  .007 


-.070 
+  .120 
+  .072 
-.023 
-.013 

-.082 
-.034 
+  .015 
-.032 
-.021 

-.041 
+  .012 
-.054 
-.022 
+  .028 

-.066 
+  .048 
+  .007 
+  .107 
+  .036 

-.012 
+  .024 
+  .031 
+  .010 
+  .011 


-.069 
+  .116 
+  .087 
-.026 
-.004 

-.082 
-.034 
+  .013 
-.031 
-.019 

-  .046 
+  .012 

-  .053 
-.020 
+  .024 

-  .069 
+  .047 
+  .008 
+  .111 
+  .041 

+  .001 
+  .023 
+  .033 
+  .012 
+  .014 


—.068 
+  .111 
+  .096 
-.028 
+  .005 

-.082 
-.034 
+  .012 
-.030 
-.014 

-.051 
+  .011 
-.053 
-.019 
+  .020 

-.071 
+  .046 
+  .008 
+  .113 
+  .045 

+  .012 
+  .022 
+  .034 
+  .014 
+  .017 


-.068 
+  .107 
+  .099 
-.030 
+  .014 

-.082 
-.034 
+  .011 
-.028 
-.007 

-.056 
+  .011 
-.054 
-.018 
+  .016 

—  .072 
+  .045 
+  .007 
+  .113 
+  .047 

+  .021 
+  .021 
+  .033 
+  .015 
+  .018 


-.069 
+  .104 
+  .095 
-.030 
+  .021 

-.082 
-.034 
+  .012 
-.025 

+  .001 

-.059 
+  .012 
-.055 
-.018 
+  .013 

-.071 
+  .041 
+  .006 
+  .111 
+.048 

+  .026 
+  .020 
+  .032 
+-.015 
+  .018 


-.071 
+  .101 
+  .085 
-.029 
+  .027 

-.082 
-.034 
+  .013 
-.022 
+  .010 

-.002 
+  .012 
-.056 
-.018 
+  .010 

-.069 
+  .044 
+  .004 
+  .107 
+  .047 


8 

-.073 
+  .100 
+  .069 
-.028 
+  .032 

-.082 
-.034 
+  .016 
-.019 
+  .019 

-.064 
+  .013 
-.058 
-.018 
+  .008 

—  .066 
+  .044 
+  .002 
+  .101 
+  .044 


+  .029 
+  .019 
+  .031 
+  .015 
+  .017 


+  .028 
+  .019 
+  .029 
+  .014 
+  .014 


0" 

-'075 
+  .100 
+  .048 
-.025 
+  .034 

-.082 
-.034 
+  .019 
-.016 
+  .027 

-.065 
+  .014 
-.061 
-.019 
+  .006 

-.062 
+  .045 
-.001 
+  .094 
+  .040 

+  .023 
+  .019 
+  .027 
+  .012 
+  .011 
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Tabi.k 

II.        SySTKMATIC    COHKECTIONS 

)|-    THE 

FOKM,    J 

U..        KIGIIT-ASCENSION. - 

—  Cont. 

K.A. 

Ol< 

11' 

2" 

a'' 

41, 

,-,li 

ti'' 

7>' 

8" 

9'' 

101' 

11" 

r.'i' 

Cape 

50 

+  !o27 

+  .026 

+  A»25 

+  .023 

+  .021 

+  !ol9 

+  .'016 

+  J)I4 

+  .012 

+  "010 

+  .009 

+  .009 

+  '.O0!) 

Stgo. 

55 

+  .065 

+  .057 

+  .048 

+  .039 

+  .030 

+  .023 

+  .016 

+  .012 

+  .009 

+  .009 

+  .012 

+  .016 

+  .023 

Uape 

60 

+  .035 

+  .031 

+  .027 

+  .023 

+  .019 

+  .01() 

+  .013 

+  .010 

+  .009 

+  .009 

+  .009 

+  .011 

+  .014 

Wii. 

(50 

+  .033 

+  .026 

+  .018 

+  .011 

+  .003 

-.003 

—  .009 

-.013 

-.014 

-.014 

-.012 

-  .OO.S 

-.002 

(iiw. 

60 

+  .(i:u 

+  .032 

+  .(•28 

+  .024 

+  .019 

+  .014 

+  .010 

+  .0()6 

+  .003 

+  .002 

+  .001 

+  .001 

+  .003 

1  Uail. 

60 

+  .033 

+  .029 

+  .024 

+  .021 

+  .017 

+  .015 

+  .014 

+  .014 

+  .016 

.+.018 

+  .021 

+  .025 

+  .0.30 

1  X(tai 

«) 

+  .024 

+  .021 

+  .017 

+  .012 

+  .006 

-.001 

-.007 

-.013 

-.018 

-.022 

-.UL'4 

—  .025 

-.024 

Stgo. 

60 

+  .065 

+  .057 

+  .048 

+  .039 

+  .030 

+  .023 

+  .016 

+  .012 

+  .009 

+  .009 

+  .012 

+  .016 

+  .023 

<  Jlelb. 

60 

+  .062 

+  .053 

+  .045 

+  .037 

+  .029 

+  .022 

+  .018 

+  .015 

+  .014 

+  .016 

+  .020 

+  .025 

+  .032 

1  X  (tai 

8) 

+  .023 

+  .028 

+  .031 

+  .032 

+  .031 

+  .027 

+  .022 

+  .015 

+  .008 

-.001 

-.009 

-.016 

-.023 

Paris 

60 

+  .050 

+  .045 

+  .039 

+  .034 

+  .02S 

+  .024 

+  .020 

+  .017 

+  .(•10 

+  .016 

+  .018 

+  .021 

+  .025 

Grw. 

64 

+  .042 

+  .039 

+  .036 

+  .033 

+  .030 

+  .026 

+  .024 

+  .022 

+  .020 

+  .020 

+  .020 

+  .021 

+  .023 

Cape 

65 

-.013 

-.013 

-.013 

-.012 

-.012 

-.012 

-.012 

-.012 

-.012 

-.012 

-.011 

-.011 

-.011 

i,  Brs. 

65 

+  .068 

+  .058 

+  .047 

+  .036 

+  .02? 

+  .018 

+  .012 

+  .009 

+  .008 

+  .011 

+  .015 

+  .023 

+  .032 

t  X  (tail 

8) 

—  .003 

+  .006 

+  .(i].-. 

+  .023 

+  .029 

+  .033 

+  .035 

+  .035 

+  .032 

+  .027 

+  .020 

+  .012 

+  .003 

llarv. 

65 

—  .033 

-.037 

—  .040 

-.043 

-.045 

-.046 

-  .045 

-.043 

-.040 

-.037 

-.033 

-.028 

-.024 

I'ulk. 

t\5 

-.008 

-.008 

-.007 

-.006 

-  .005 

-.004 

-.003 

-.002 

-.002 

-.001 

-.001 

-.001 

-.002 

Melb. 

70 

+  .050 

+  .041 

+  .032 

+  .02;i 

+  .014 

+  .007 

+  .002 

-.001 

-.001 

+  .001 

+  .005 

+  .012 

+  .020 

Grw. 

72 

+  .039 

+  .037 

+  .034 

+  .031 

+  .028 

+  .025 

+  .022 

+  .020 

+  .018 

+  .017 

+  .017 

+  .017 

+  .019 

Madr. 

75 

+  .042 

+  .043 

+  .044 

+  .046 

+  .047 

+  .049 

+  .050 

+  .051 

+  .052 

+  .053 

+  .053 

+  .052 

+  .052 

Wii. 

75 

-.002 

-.003 

-  .004 

-.004 

-.004 

-.004 

-.004 

—  .003 

-.002 

-.002 

-.001 

.000 

+  .001 

Pulk 

75 

-.00:! 

—  .001 

.000 

+  .002 

+  .004 

+  .006 

+  .008 

+  .009 

+  .010 

+  .010 

+  .010 

+  .009 

+  .008 

Karv. 

75 

-.013 

-.012 

-.011 

-.010 

-.008 

-.006 

-.004 

-.003 

-.001 

.000 

+  .001 

+  .002 

+  .002 

6)  Cord. 

75 

+  .021 

+  .012 

+  .002 

-.008 

-.018 

-.026 

-.033 

-.037 

-.039 

-.039 

-.035 

-.030 

-.022 

Paris 

75 

+  .059 

+  .052 

+  .044 

+  .037 

+  .029 

+  .022 

+  .017 

+  .013 

+  .011 

+  .011 

+  .013 

+  .017 

+  .022 

Cape 

80 

+  .046 

+  .044 

+  .042 

+  .039 

+  .03() 

+  .033 

+  .031 

+  .028 

+  .027 

+  .026 

+  .026 

+  .026 

+  .027 

:\[elb. 

80 

+  .055 

+  .052 

+  .047 

+  .042 

+  .036 

+  .030 

+  .024 

+  .019 

+  .015 

+  .013 

+  .012 

+  .012 

+  .014 

Grw. 

SO 

+  .038 

+  .037 

+  .036 

+  .034 

+  .033 

+  .0.S2 

+  .032 

+  .031 

+  .031 

+  .031 

+  .031 

+  .032 

+  .033 

Pulk. 

85 

+  .014 

+  .015 

+  .oi(; 

+  .018 

+  .019 

+  .021 

+  .023 

+  .024 

+  .025 

+  .026 

+  .026 

+  .026 

+  .025 

Cape 

85 

+  .023 

+  .020 

+  .017 

+  .014 

+  .011 

+  .009 

+  .008 

+  .00,S 

+  .008 

+  .009 

+  .010 

+  .013 

+  .015 

Stbg. 

85 

+  .014 

+  .014 

+  .014 

+  .014 

+  .014 

+  .014 

+  .014 

+  .014 

+  .015 

+  .016 

+  .016 

+  .017 

+  .017 

Rad. 

90 

+  .025 

+  .024 

+  .023 

+  .021 

+  .019 

+  .017 

+  .014 

+  .012 

+  .010 

+  .009 

+  .008 

+  .008 

+  .008 

Cape 

90 

+  .024 

+  .023 

+  .021 

+  .020 

+  .019 

+  .018 

+  .017 

+  .016 

+  .016 

+  .017 

+  .017 

+  .018 

+  .019 

Mdii. 

90 

+  .007 

+  .007 

+  .006 

+  .006 

+  .006 

+  .005 

+  .005 

+  .005 

+  .006 

+  .006 

+  .007 

+  .007 

+  .008 

Ber. 

90 

+  .021 

+  .020 

+  .019 

+  .018 

+  .017 

+  .017 

+  .016 

+  .016 

+  .016 

+  .017 

+  .017 

+  .018 

+  .019 

Lisb. 

90 

+  .015 

+  .014 

+  .014 

+  .015 

+  .015 

+  0.15 

+  .015 

+  .016 

+  .016 

+  .017 

+  .017 

+  .017 

+  .017 

Grw. 

90 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

2)  Pnlk. 
Mt.  H 

92 

+  .023 

+  .022 

+  .021 

+  .020 

+  .019 

+  .018 

+  .017 

+  .017 

+  .017 

+  .017 

+  .018 

+  .019 

+  .020 

.95 

+  .024 

+  .024 

+  .023 

+  .023 

+  .023 

+  .024 

+  .024 

+  .025 

+  .027 

+  .028 

+  .029 

+  .031 

+  .032 

Ber. 

95 

+  .022 

+  .022 

+  .021 

+  .020 

+  .020 

+  .01'.i 

+  .018 

+  .018 

+  .017 

+  .017 

+  .017 

+  .017 

+  .018 

3)  Alb. 

98 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

Br.  1 

"55 

Pi.    1800 

Grw. 

15 

4)T)pt. 
Kgb. 

15 
15 

5)  Kgb. 

25 

Dpt. 
Cape 
St.H. 

30 
30 
30 

Abo 

30 

Table  III.     Systematic 

COKRECTIOXS    OF 

THE  Form,  Ja, 

Right- AscEXSiON. 

JUj  COS  8 

+8.5°       +80° 

+80° 

+7.5° 

+70° 

+65'= 

+60° 

+55^ 

+50° 

+45° 

+40° 

+35° 

+30° 

-.009 

+  .038 

.000 

.000 

.000 

-.017 
+  .040 
.000 
+  .003 
-.002 

-'099 
+  .230 
.000 
+  .017 
—  .012 

-  .1)89 
+  .175 
.000 
+  .031 
-.019 

-!075 
+  .161 
.000 
+  .035 
-.021 

-!o59 
+  .178 
-.001 
+  .028 
-.019 

-.037 
+  .187 
-.005 
+  .016 
-.015 

-'009 

+  .167 
-.012 
+  .003 
-.007 

+!006 
+  .132 
-.019 
-.009 
+  .002 

+!oi2 
+  .100 
-.027 
-.019 
+  .009 

+!oi4 
+  .093 
-.034 

+  '013 
+  .087 
-.041 

+'012 
+  .079 
-.043 

+  .011 

+  .008 

+  .001 

.000 
+  .001 

.000 
+  .002 

.000 
+  .011 

.000 
+  .016 

.000 
+  .023 

.000 
+  .033 

-  .003 
+  .037 

-.010 
+  .036 

—  .022 
+  .0.33 

-.024 
+  .031 

-.016 
+  .029 

-.004 
+  .025 

+  .002 
+  .021 

+  .017 
+  .035 

+  .014 

+  .028 

+  .012 
+  .023 

+  .010 
+  .018 

+  .009 
+  .012 

+  .007 
+  .004 

+  .006 

'  .000 

+  .003 

+  .020 

+  .046 

+  .049 

+  .043 

-.004 

.\os.  ;-,4.,)_o50 
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Table 

11.     Systemat 

C    COERECTIONS 

OF    THE 

FoBM,  Ja^.     Right-Ascension. - 

-Cont. 

U.A 

12'' 

13" 

14" 

15" 

16" 

17" 

18" 

19" 

20" 

21" 

22" 

23" 

0" 

Cape 

50 

-t-.009 

+  .010 

+  !oii 

+  .013 

+  'oi5 

+!oi7 

+!020 

+'.022 

+  '024 

+  !o26 

+Vj27 

+!027 

+'.027 

Stgo. 

55 

+  .023 

+  .031 

+  .040 

+  .049 

+  .058 

+  .065 

+  .072 

+  .076 

+  .079 

+  .079 

+  .076 

+  .072 

+  .065 

Cape 

00 

+  .014 

+  .017 

+  ,021 

+  .025 

+  .029 

+  .033 

+  .036 

+  .038 

+  .039 

+  .040 

+  .039 

+  .037 

+  .035 

Wn. 

00 

-.002 

+  .005 

+  .012 

+  .020 

+  .028 

+  .034 

+  .040 

+  .043 

+  .045 

+  .045 

+  .043 

+  .039 

+  .033 

Grw. 

00 

+  .003 

+  .006 

+  .010 

+  .014 

+  .019 

+  .023 

+  .028 

+  .031 

+  .034 

+  .036 

+  .037 

+  .036 

+  .034 

(  Rad. 

00 

+  .030 

+  .034 

+  .039 

+  .043 

+  .040 

+  .048 

+  .049 

+  .049 

+  .047 

+  .045 

+  .042 

+  .038 

+  .033 

lX(taii 

8j 

-.024 

-.021 

-.017 

-.012 

-.006 

+  .001 

+  ,007 

+  .013 

+  .018 

+  .022 

+  .024 

+  .025 

+  .024 

Stgo. 

60 

+  .023 

+  .031 

+  .040 

+  .049 

+  .058 

+  .065 

+  .072 

+  .076 

+  .079 

+  .079 

+  .076 

+  .072 

+  .065 

\  Melb. 

00 

+  .032 

+  .041 

+  .049 

+  .058 

+  .065 

+  .072 

+  .076 

+  .079 

+  .080 

+  .078 

+  .074 

+  .069 

+  .062 

1  X  (tai) 

8) 

-.023 

-.028 

-.031 

-.032 

-.031 

-.027 

—  .022 

-.015 

-.008 

+  .001 

+  .009 

+  .016 

+  .023 

Paris 

00 

+  .025 

+  .030 

+  .030 

+  .041 

+  .047 

+  .051 

+  .055 

+  .058 

+  .059 

+  .059 

+  .057 

+  .054 

+  .050 

Grw. 

64    1 

+  .023 

+  .026 

+  .029 

+  .032 

+  .035 

+  .039 

+  .041 

+  .043 

+  .045 

+  .045 

+  .045 

+  .044 

+  .042 

Cape 

65    1 

-.011 

-.011 

-.011 

-.012 

-.012 

-.012 

-.012 

-.012 

-.012 

-.012 

-.013 

-.013 

-.013 

\  Brs. 

65 

+  .032 

+  .042 

+  .053 

+  .063 

+  .073 

+  .081 

+  .087 

+  .090 

+  .091 

+  .089 

+  .084 

+  .<I77 

+  .068 

t  X(tan 

8) 

+  .003 

-.006 

—  .015 

-  .023 

-.029 

-.0.33 

-.035 

-.035 

-.032 

-.027 

-.020 

-.012 

-.003 

Harv. 

05 

-.024 

-.020 

-.010 

-.013 

-.012 

-.011 

-.012 

-.013 

-.016 

—  .020 

-.024 

-.028 

-.033 

Pulk. 

65 

-.002 

-.002 

—  .003 

-.004 

-.005 

-.006 

-.007 

-  .008 

—  .009 

-.009 

-.009 

-.009 

-.008 

Melb. 

70 

+  .020 

-I-.029 

+  .038 

+  .047 

+  .056 

+  .063 

+  .068 

+  .071 

+  .071 

+  .069 

+  .065 

+  .058 

+  .050 

Grw. 

72 

+  .019 

+  .021 

+  .023 

+  .026 

+  .030 

+  .033 

+  .035 

+  .038 

+  .040 

+  .041 

+  .041 

+  .040 

+  .039 

Madr. 

75 

+  .052 

+  .051 

+  .049 

+  .048 

+  .046 

+  .045 

+  .043 

+  .042 

+  .041 

+  .041 

+  .041 

+  .041 

+  .042 

VVn. 

75 

+  .001 

+  .001 

+  .002 

+  .002 

+  .002 

+  .002 

+  .002 

,+  .001 

+  .001 

.000 

-.001 

-.002 

-.002 

Pulk. 

75 

+  .008 

+  .006 

+  .005 

+  .003 

+  .001 

-.001 

-.003 

-.004 

-.005 

-.005 

-.005 

-.004 

-.003 

Harv. 

75 

+  .002 

+  .001 

.000 

-.001 

-.003 

-.005 

-.007 

-.008 

-.010 

-.011 

-.012 

-.013 

-.013 

6)  Cord. 

75    j 

-.022 

-.013 

—  .003 

+  .007 

+  .017 

+  .025 

+  .032 

+  .036 

+  .038 

+  .038 

+  .035 

+  .029 

+  .021 

Paris 

75 

+  .022 

+  .029 

+  .037 

+  .044 

+  .052 

+  .059 

+  .064 

+  .068 

+  .070 

+  .070 

+  .068 

+  .064 

+  .059 

Cape 

80 

+  .027 

+  .029 

+  .032 

+  .034 

+  .037 

+  .040 

+  .043 

+  .045 

+  .047 

+  .048 

+  .048 

+  .047 

+  .046 

Melb. 

80 

+  .014 

+  .017 

+  .021 

+  .027 

+  .033 

+  .039 

+  .044 

+  .049 

+  .053 

+  .056 

+  .057 

+  .057 

+  .055 

Grw. 

80 

+  .033 

+  .034 

+  .035 

+  .036 

+  .037 

+  .038 

+  .039 

+  .040 

+  .040 

+  .040 

+  .039 

+  .039 

+  .038 

Pulk. 

85 

+  .025 

+  .024 

+  .023 

+  .022 

+  .020 

+  .018 

+  .017 

+  .016 

+  .014 

+  .014 

+  .013 

+  .014 

+  .014 

Cape 

85    i 

+  .015 

+  .018 

+  .021 

+  .024 

+  .027 

+  .029 

+  .030 

+  .030 

+  .030 

+  .029 

+  .028 

+  .025 

+  .023 

Stbg. 

1 
85 

+  .017 

+  .017 

+  .018 

+  .018 

+  .018 

+  .017 

+  .017 

+  .017 

+  .016 

+  .016 

+  .015 

+  .015 

+  .014 

Rad. 

90 

+  .008 

+  .009 

+  .010 

+  .012 

+  .014 

+  .017 

+  .019 

+  .021 

+  .023 

+  .024 

+  .025 

+  .025 

+  .025 

Cape 

90 

+  .019 

+  .021 

+  .022 

+  .023 

+  .025 

+  .026 

+  .027 

+  .027 

+  .027 

+  .027 

+  .026 

+  .025 

+  .024 

Mdn. 

90 

+  .008 

+  .008 

+  .009 

+  .009 

+  .009 

+  .010 

+  .010 

+  .010 

+  .009 

+  .009 

+  .008 

+  .008 

+  .007 

Ber. 

90 

+  .019 

+  .020 

+  .021 

+  .022 

+  .02." 

+  .023 

+  .024 

+  .024 

+  .024 

+  .023 

+  .023 

+  .022 

+  .021 

Lisb. 

90 

+  .017 

+  .018 

+  .018 

+  .017 

+  .017 

+  .017 

+  .017 

+  .010 

+  .010 

+  .015 

+  .(»15 

+  .015 

+  .015 

Grw. 

90 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

+  .045 

2)  Pulk. 

92 

+  .020 

+  .021 

+  .022 

+  .023 

+  .024 

+  .025 

+  .026 

+  .026 

+  .026 

+  .026 

+  .025 

+  .024 

+  .023 

Mt.H 

95 

+  .032 

+  .033 

+  .033 

+  .033 

+  .0.33 

+  .033 

+  .032 

+  .031 

+  .030 

+  .028 

+  .027 

+  .026 

+  .024 

Ber. 

95 

+  .018 

+  .018 

+  .019 

+  .020 

+  .020 

+  .021 

+  .022 

+  .022 

+  .023 

+  .023 

+  .023 

+  .023 

+  .022 

3)  Alb. 

98 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

Table  III 

SVSTI 

:MATIf    ( 

!0KKECT10.\S    OK 

THK     FoKM,    ./<«,,. 
t 

RiflHl 

-ASOKNS 

ION. 

+- 

5°         +20°         +ir>»         +10° 

45° 

0 

—5° 

—10° 

—  15° 

—20-' 

—25- 

—30^' 

Br. 

755 

+  .009     +°005     +^001      -" 

)02        - 

003     - 

\)01 

"ooo    - 

'.004     - 

-'009      - 

-!ois 

-1028 

-\038 

Pi.    1800 

+  .069     +.0 

■)7      +.030      +.008      — 

015     - 

027      - 

.036      - 

.047     - 

.061      - 

-  .076 

-.095 

-.118 

Grw. 

4)   Dpt. 

Ivgb. 

15 

_.040      -.034      — .( 

22      - . 

106      +.009      +.021      +.028      +.031      +.034      +.039 

+  .046 

+  .038 

15 

15 

_.0()7      -.013      -.014      -. 

010      - 

002      +.009      +.014      +.012      +.005      - 

-.004 

1.017 

o)  Kgb. 

25 

+  .005      +.005      +.003 

000      - 

003      - 

006      - 

.009      - 

.012      - 

.015      - 

-.019 

.-  .023 

Dpt. 

30 

+  .0 

3      +.007      +.003 

000      - 

003     - 

.007      - 

.010     - 

.013      - 

-.016      - 

-.017 

Cape 

30 

.000      -. 

002      - 

008      - 

017      - 

.017      - 

.010     - 

-.001      +.007 

+  .015 

+  .021 

St.  H.  30 

+  .000      +.004      +.004      +.003 

000     - 

.006     - 

.009      - 

.008     - 

-  .005      - 

-  .009 

-.020 

-.036 

Abo 

30 

-.008      -.007      -.00(i      -. 

005      - 

002      + 

.002      +.00(!      +.010      4 

.013      +.015 
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Giw. 

30 

Carnb.  30 

Cape 
Mudr. 

33 
30 

Arm. 

40 

Cape 
Grw. 

40 
40 

Grw. 

45 

Rad. 

i-y 

Pulk> 

4.-) 

Paris 

45 

Stgo. 
Grw. 

50 
50 

Cape 
Stgo. 

50 
55 

Cape 
Wn. 

60 
60 

Grw. 

60 

Rad. 

60 

Stgo. 

60 

Melb. 

60 

Paris 

60 

Grw. 

64 

Cape 
Brs. 

65 
65 

Harv. 

65 

Pulk. 

65 

Melb. 

70 

Grw. 

72 

Madr 

75 

Wn. 

75 

Pulk. 

75 

Harv. 

75 

6)  Cord. 
Paris 

75 

75 

7)  Cape. 
Melb. 

80 
80 

Grw. 

80 

Pulk. 

85 

Cape 

85 

Stbg. 

85 

Rad. 

90 

Cape 
Mdn. 

90 

90 

Bar. 

90 

Lisb. 

90 

Grw. 

90 

2)  Pulk 

92 

Mt.H 

.95 

Ber. 

95 

3)  Alb. 

98 

Table  111.     Systematic  Cokrections  of  the  Form,  Ja,.     Right-Ascension. — Coiit. 


JUj  COS  8 

+80"        +80° 

'ooo     'ooo 

.00(1        .000 


+80^ 

.000 
.000 


+75° 

+"oo;; 

.000 


+70" 

+'(118 
.000 


+6.-.° 

+".037 
.000 


+(^0 
+"054 


Jo 

+55'' 
s 

+  .052 
.000 


+50°  +45'^  +40=  +35" 

+  '()40  +!o27  +"ol.S  +'01 3 

.00(1  .000  .000  .000 

.    .  ■.  +.089  +.079  +.000 


+  .060     +.343 
.000         .000 


+  .230     +.173 
-.017     -.033 


+  .14(1     +.117 
_.04()     —.040 


+  .102    +.090    +.079 
-.033    -.021     -.014 


+  .067     +.054 
-.(}l&    -.(tlo 


.025   —.032 

j  -.006   -.014 

-.010   -.010 

+  .001    +.003 


-.187  -.151  -.120 

-.081  -.093  -.088 

-.058  -.036  -.016 

+  .018  +.023  +.018 


—  .094  —.063 

-.076  -.060 

+  .006  +.027 

+  .011  +.002 


+.059 

-.033     -.014  -.008 

-.042     -.025  -.011 

+  .035     +.031  +.021 

_.()()4     _.O07  —.011 


+  .(146 
—  .008 
-.006 
+  .013 
-.012 


+  .o;;.". 
-.007 

—  .006 
+  .011 
-.010 


+  .008    +.008     +.046     +.031      +.023     +.02G     +.027     +.022     +.OI; 


.020   —.025 


.142 


.108     -.083 


.058 


.().!4     -.012 


.000 


+  .004 
+  .024 
+  .002 
+  .056 


.000  .000 
-.006  -.007 
-.007   -.007 


.000 
.000 


.000 
.000 


.000  -.003  -.007  -.014 
-.039  -.036  -.037  -.041 
-.042     -.036     -.039     -.045 


-.017  -.016  -.010  +.001 
-.046  -.046  -.044  -.040 
..040     -.025     -.005     +.004 


.000     +.012     +.02;; 
.000         .000         .000 


-.024 
-.005 


+  .017 
+  .008 


+  .008 
+  .006 


+  .007 
-.004 


.005 


.010 


-.008   -.007     -.041 
-.005   -.007     -.039 


.055 


.093     -.117     -.114 


.004 
.032 


+  .030 
-.029 


+  .045 
-.024 


.095 


+  .045 
-.020 


.067 


.034     -.015 


.039     +.031 
.017     -.018 


+  .022 
—  .022 


+  .010  +.010 

.    .    .  -.047 

+  .001  -.003 

-.003  -.009 

—  .002  —.002 


+  .009   +.009 
.000       .000 


+  .001 


-.004 
-.039 


+  .001    +.003 
-.006   -.006 


.002  +.004 
.000  .000 
.013  +.015 
.    .    +.012 


+  .058 
-.273 


+  .039 
-.141 


.019  -.023 
.052  -.051 
.014     -.013 


+  .028 
-.075 

-.021 
-  .039 
-.011 


+  .016    +.008 
-.035     -.007 


+  .007 
+  .013 


+  .005 
+  .024 


-.018  -.023  -.034  -.035 
-.024  -.015  -.014  -.014 
-.004    +.005     +.007     +.003 


-.003 

+  .027 

-.026 
-.013 
+  .003 


-.008 

+  .018 
—  .022 
+  .011 
-.016 
+  .022 


-  .007 

+  .016 
-.019 

+  .010 

—  .020 
+  .014 


+  .051     +.032 
.000     -.016 


+  .023 
-.019 


+  .019 
-.015 


+  .011 
-.007 


+  .003- 
+  .002 


-.003 
+  .003 


+  .024 
+  .225 


+  .038 
+  .144 


+  .042 
+  .095 


+  .038 
+  .053 


+  .032 

+  .022 


+  .025 
+  .005 


-.017 
-.005 


-.019 
-.036 


.021: 
.027 


+  .029 
-.023 


+  .031     +.026 
-.022     -.022 


.000 


.004 


-.019 
-.023 


.006 


.011 
.025 


-.006 
-.002 
-.016 

+  .010 
-.008 
+  .020 
+  .007 
-.026 


+  .010 

+  .00;; 

-.009 
-.004 
-.016 


+  .006 
+  .005 
-.009 
-.001 
-.016 


+  .005  .000 

-.013  -.022 

+  .016  +.013 

+  .006  +.008 

-.026  -.023 


+:iO=' 

+!oi4 
+  .004 
H-  .051' 
+  .041 
—  .009 

+  .024 
-.007 
-.(J09 
+  .(»17 
-.008 


_.0O;:!  —.007  —.008 
+  .023  +.023  +.022 
_.003  -.010  -.013 
+  .032  +.015  +.003 
+.035 


+  .02!  +.015  +.009 
+  .010  +.013  +.010 
-.037  -.032  -.026 
+  .002  -.003  -.005 
+.0.35 


.    .    .     —.026     -.024  -.020 

+  .010     +.014     +.013  +.008 

-.013    -.020    -.026  -.024 

+.019 


—  .009 

+  .016 
-.012 

+  .009 
-.018 

+  .(i()(; 


-.010  +.005  +.011 
-.012  -.012  -.012 
+  .003  +.005  +.007 
-.012 


.000     +.017     +.022     +.017     +.009 


+  .003 
+  .007 
-.008 
-.001 
-.015 

-.003 
-.026 
+  .009 

+  .009 
-.018 


-.009     —.009     -.008     -.007     -.005 


+  .023  +.030 

.000  -.002 

+  .086  +.064 

+  .069  +.041 

.000  .000 


+  .027 
-.006 
+  .054 
+  .020 
.000 


+  .014 
-.011 


_.004     -.015 
_.015     -.017 


-.015 
-.018 


+  .005 
.000 


.004 
.000 


-.010 
.000 


.016 
.000 


-.008  -.007 

..018  —.018 

.    .  -.008 

-.017  -.015 

.000  .000 


-.006 
-.018 

.000 
-.013 

.000 


-.006 
-.016 
-.005 
-.011 
.000 
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Table  III.     Systematic- Corrections  of  the  Form,  /la,.     Right-Ascension.  —  Cont. 


+25° 


+20° 


+15° 


+10° 


+5° 


-30° 


Giw. 

30 

+  .020 

+  .018 

+  .013 

+  .006 

-.002 

-.009 

-.017 

-.021 

-.026 

-.029 

-.031 

-.035 

Camb 

30 

+  .009 

+  .013 

+  .008 

-.002 

-.007 

-.006 

.000 

+  .001 

-.001 

-.006 

-.013 

-.019 

Cape 

33 

+  .034 

+  .015 

+  .003 

-.005 

-.009 

-.012 

-.014 

-.013 

-.011 

-.005 

+  .001 

+  .004 

Madr 

35 

+  .031 

+  .023 

+  .014 

+  .006 

-.001 

-.009 

-.018 

-.027 

-.038 

-.049 

—  .057 

-.062 

Arm. 

40 

-.009 

-.008 

-.007 

.000 

+  .005 

+  .001 

-.002 

-.001 

+  .005 

+  .010 

+  .012 

+  .014 

Cape 

40 

+  .012 

-.001 

-.016 

-.019 

-.014 

-.004 

+  .003 

+  .007 

+  .009 

+  .009 

+  .009 

+  .008 

Grw. 

40 

-.008 

-.008 

-.008 

-.005 

+  .002 

+  .008 

+  .012 

+  .014 

+  .015 

+  .011 

-.002 

-.020 

Grw. 

45 

-.008 

-.004 

+  .002 

+  .005 

+  .00(i 

+  .003 

+  .002 

+  .002 

+  .002 

-.001 

-.009 

-.021 

Rad. 

45 

+  .022 

+  .024 

+  .019 

+  .004 

-.017 

-.023 

-.020 

-.015 

-.015 

-.021 

-.029 

Pulk. 

45 

-.006 

-.003 

.000 

+  .003 

+  .005 

+  .005 

+  .003 

.000 

+  .002 

+  .008 

+  .018 

Paris 

45 

-.006 

-.001 

+  .003 

+  .004 

+  .003 

+  .001 

+  .001 

+  .002 

+  .001 

-.004 

-.004 

.000 

Stgo. 

50 

+  .022 

+  .019 

+  .013 

+  .005 

-.004 

-.012 

-.018 

-.021 

-.023 

-.025 

-.027 

-.033 

Grw. 

50 

-.012 

-.008 

-.002 

+  .001 

+  .002 

+  .004 

+  .007 

+  .008 

+  .008 

+  .006 

+  .005 

+  .004 

Cape 

50 

-.006 

-.010 

-.008 

-.003 

+  .006 

+  .008 

+  .007 

+  .003 

.000 

.000 

.000 

-.006 

Stgo. 

55 

+  .025 

+  .016 

+  .008 

+  .002 

-.005 

-.010 

-.015 

-.018 

-.020 

-.021 

-.028 

-.044 

Cape 

60 

+  .002 

-.006 

-.008 

-.004 

.000 

+  .004 

+  .008 

+  .006 

-.003 

-.003 

+  .003 

+  .017 

Wu. 

GO 

+  .006 

+  .003 

+  .001 

.000 

-.002 

-.003 

-.004 

-.003 

-.002 

+  .002 

+  .007 

+  .012 

Grw. 

GO 

-.020 

-.013 

-.006 

.000 

+  .006 

+  .011 

+  .013 

+  .014 

+  .012 

+  .007 

+  .004 

+  .002 

Rad. 

GO 

-.004 

+  .002 

+  .011 

+  .017 

+  .018 

+  .013 

+  .001 

-.008 

-.017 

-.028 

-.040 

-.052 

Stgo. 

GO 

+  .025 

+  .016 

+  .008 

+  .002 

-.005 

-.010 

-.015 

-.018 

-.020 

-.021 

-.028 

-.044 

Melb. 

GO 

-.013 

-.005 

-.002 

.000 

.000 

.000 

+  .004 

+  .008 

+  .008 

+  .005 

.000 

-.005 

Paris 

60 

+  .003 

+  .003 

+  .003 

+  .003 

+  .001 

-.003 

-.006 

-.007 

—  .008 

-.012 

-.019 

-.023 

Grw. 

64 

-.018 

-,008 

-.001 

+  .003 

+  .008 

+  .011 

+  .011 

+  .010 

+  .004 

.000 

.000 

.000 

Cape 

65 

+  .009 

-.002 

-.008 

-.013 

-.014 

-.012 

-.007 

.000 

+  .012 

+  .028 

+  .044 

+  .048 

Brs. 

65 

-.009 

-.008 

-.008 

-.005 

-.002 

+  .001 

+  .004 

+  .007 

+  .015 

+  .021 

+  .021 

+  .012 

Harv. 

65 

+  .014 

+  .012 

+  .009 

+  .004 

-.001 

-.007 

-.010 

-.009 

-.012 

-.021 

-.033 

-.046 

Pulk. 

65 

-.004 

.000 

+  .003 

+  .005 

+  .007 

+  .011 

+  .008 

+  .001 

-.006 

-.010 

Melb. 

70 

+  .009 

+  .008 

+  .007 

+  .002 

-.004 

-.008 

-.010 

-.010 

-.009 

-.008 

l.bo's 

-.007 

Grw. 

72 

-.012 

-.006 

-.001 

+  .002 

+  .006 

+  .009 

+  .008 

+  .003 

.000 

.000 

.000 

.000 

Madr. 

75 

+  .002 

+  .002 

-.001 

-.006 

-.010 

-.010 

-.004 

+  .001 

+  .004 

+  .006 

+  .013 

+  .024 

Wn. 

75 

+  .012 

+  .010 

+  .007 

+  .002 

-  .005 

-.010 

-.012 

-.011 

-.006 

-.003 

-.004 

-.009 

Pulk. 

75 

-.011 

-.005 

.000 

+  .004 

+  .009 

+  .012 

+  .010 

+  .004 

.000 

.000 

Harv. 

75 

+  .006 

+  .004 

+  .002 

.000 

.000 

-.001 

-.005 

-.008 

-.006 

-.001 

+  .007 

+  .017 

6)  Cord. 

1 .) 

-.003 

+  .002 

+  .003 

+  .002 

-.003 

-.004 

+  .001 

+  .009 

+  .013 

+  .015 

+  .012 

+  .004 

Paris 

+  .006 

+  .005 

+  .005 

+  .004 

.000 

-.004 

-.009 

—  .010 

-.007 

-.002 

.000 

7)  Cape 

80 

+  .001 

-.001 

-.003 

-.003 

-.003 

.000 

+  .004 

+  .010 

4.017 

+  .026 

+  .034 

+  .040 

Melb. 

80 

+  .009 

+  .008 

+  .002 

-.006 

-.011 

-.012 

-.008 

.000 

+  .014 

+  .029 

+  .040 

+  .049 

Grw. 

80 

-.006 

-.003 

.000 

+  .002 

+  .004 

+  .005 

+  .005 

+  .003 

+  .001 

+  .001 

+  .001 

+  .001 

Pulk. 

85 

-.006 

-.008 

-.006 

-.003 

+  .001 

+  .004 

+  .005 

+  .004 

+  .004 

+  .004 

Cape 

85 

-.012 

-.008 

-.003 

-.002 

-.003 

-.003 

+  .001 

+  .007 

+  .016 

+  .024 

+  .031 

+  .033 

Stbg. 

85 

-.005 

-.006 

-.006 

-.003 

+  .003 

+  .009 

+  .008 

+  .005 

+  .002 

-.002 

-  .007 

-.010 

Rad. 

90 

-.026 

-.023 

—  .019 

-.013 

-.006 

+  .004 

+  .019 

+  .040 

+  .058 

+  .076 

+  .096 

+  .118. 

Cape 

90 

+  .004 

+  .001 

+  .001 

.000 

-.004 

-.006 

-  .006 

-.005 

.000 

+  .008 

+  .019 

+  .028 

Mdn. 

90 
90 

90 

+  .008 
-.013 

-.002 

+  .006 
-.008 

.000 

+  .002 
-.004 

+  .002 

.000 
.000 

+  .004 

-.002 
+  .004 

+  .005 

-.004 
+  .008 

+  .004 

-.007 
+  .012 

+  .001 

-.009 
+  .015 

-.003 

-.011 

Ber. 

Lisb. 

-.006 

-.007 

-  .007 

-.007 

Grw. 

90 

-.006 

—  .004 

-.002 

.000 

+  .001 

+  .002 

+  .004 

+  .007 

+  .009 

+  .010 

+  .010 

+  .007 

2)  Pulk. 

92 

-.011 

-.004 

.000 

+  .004 

+  .005 

+  .005 

+  .004 

+  .002 

-.002 

-.009 

Mt.  H 

95 

+  .007 

+  .008 

+  .007 

+  .004 

-.001 

-  .005 

-.008 

-.010 

-.012 

-.014 

-.012 

-.009 

Ber. 

95 

-.009 

-.007 

-.004 

+  .002 

+  .006 

+  .008 

+  .009 

+  .011 

+  .013 

+  .016 

+  .017 

3)  Alb. 

98 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 
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Table  III. 

Ja,  South  op  —30° 

OF  Declination.     Right- Ascension.  —  Cont. 

Jo. 

Joj  COS  8 

—30° 

-ar," 

—40° 

—45' 

— .'iO" 

— 55° 

— G0° 

—65 

'        - 

0°        — 

75° 

-80' 

—80° 

-85° 

Pi.   1900 

-"lis 

-.*151 

-'.192 

-'241 

** 

* 

» 

' 

\ 

* 

* 

' 

* 

Cape   oO 

+  .021 

+  .027 

+  .033 

+  .043 

+  .0.59 

+  .077 

+  .'09-1 

+  .111      +. 

i;!7    + 

"isi    + 

.'271 

+  .047 

St.H.  30 

-.036 

-.045 

-.052 

-.060 

-.070 

-.082 

-.09b 

-.116     -. 

143     - 

189     - 

.282 

-.049 

Cape    33 

+  .004 

+  .004 

000 

-.005 

—  .009 

-.010 

-AWb 

-.003 

)00 

000 

000 

.000 

.000 

Madr.  35 

-  .062 

-.066 

-.071 

-.076 

-.084 

-.091 

-.lOh 

-.11 

8     . 

Cape   -40 

+  .00S 

+  .007 

+  .009 

+  .011 

+  .016 

+  .021 

+  .(i2( 

+  .0; 

1     +. 

».'{8     +.050     +.075 

+  .013 

+  .013 

Stgo.   50 

-.033 

-.044 

-.052 

-.05(i 

-.054 

-.042 

—  .((31 

-.018     +.002     +.026     +.059 

+  .010 

Cape    50 

-.006 

-.026 

-.0(;i 

—  .075 

-.072 

-.040 

-.011 

;          000 

)0() 

000 

Ooo 

.000 

.000 

Stgo.   55 

-.044 

-.073 

-.093 

-.100 

-.093 

-.046 

-.018     -.()( 

5 

»00 

000 

000 

.000 

.000 

Cape    CO 

+  .017 

+  .030 

+  .039 

+  .044 

+  .051 

+  .059 

+  .06( 

+  .046     +.030     +.018     +.010 

+.002 

+  .001 

Wn.    <;o 

+  .012 

+  .018 

+  .024 

000 

000 

Stgo.   (50 

-.044 

-.073 

-.093 

-.100 

-.093 

-.046 

-.018     -.(>( 

.-) 

)00 

000 

000 

.000 

.000 

Melb.  60 

-.005 

-.010 

-.016 

-.024 

-  .032 

-.039 

-.0.39     -.01 

7     +.008     + 

043     +.071 

+  .012 

+  .007 

Cape   65 

+  .048 

+  .046 

+  .030 

+  .021 

+  .025 

+  .046 

+  .081 

'     +.109     +. 

123     -H 

113     + 

.102 

+  .018 

+  .010 

Tami.e  IV.     Systematic  Cokrectio.ns 

OF    THh 

Form 

JK- 

Declinatio.v. 

0'' 

1" 

2" 

3h 

4" 

5" 

6" 

7h 

S" 

!»»' 

IC' 

11'' 

12" 

8)    Br.       1 

755  N. 

-.30 

,27 

-.22 

-."16 

-.08 

00 

+  .08 

+  "l6 

+:i'i 

+  .'27 

+  .3( 

+  .32 

+  .30 

S. 

+  .02 

-.08 

-.14 

-.13 

-.09 

+  .01 

+  .13 

+  2** 

+  .27 

+  .26 

+  .17 

+  .03 

-.12 

Pi. 

1900 

-.11 

+  .05 

+  .20 

+  ..33 

+  .45 

+  .53 

+  .58 

+  .59 

+  ..55 

+  .49 

+  .;!; 

+  .25 

+  .11 

Gi'w. 

15 

-.09 

-.07 

-.04 

-.02 

+  .02 

+  .04 

+  .07 

+  .09 

+  .11 

+  .11 

+  .11 

+  .10 

+  .09 

Kgb. 

20 

+  .05 

-.02 

-.09 

-.16 

-.21 

-.25 

27 

-.27 

-.26 

-.23 

-.1^ 

-.12 

-.05 

Bb. 

25 

-.08 

+  .07 

+  .22 

+  .34 

+  .45 

+  .53 

+  ..57 

+  ..57 

+  .53 

+  .46 

+  .3.- 

+  .22 

+  .08 

9)    Dpt. 

30 

-.02 

+  .02 

+  .06 

+  .09 

+  .12 

+  .14 

+  .15 

+  .15 

+  .14 

+  .12 

+  .0; 

+  .(»6 

+  .02 

Abo 

30 

-.12 

-.05 

+  .02 

+  .09 

+  .16 

+  .21 

+  .25 

+  .27 

+  .28 

+  .26 

+  .2: 

+  .18 

+  .12 

Cape 

30 

+  .06 

+  .12 

+  .17 

+  .21 

+  .24 

+  .25 

+  .24 

+  .22 

+  .18 

+  .13 

+  .07 

00 

-.06 

Grw. 

30 

+  .08 

+  .12 

+  .15 

+  .17 

+  .18 

+  .18 

+  .16 

+  .13 

+  .10 

+  .06 

+  .01 

-.04 

-.08 

St.H. 

30 

+  .50 

+  .46 

+  .39 

+  .;;o 

+  .18 

+  .05 

-.08 

-.20 

-.32 

-.41 

-.47 

-.50 

-.50 

Cape 

33 

-.16 

-.17 

-.17 

-.16 

-.13 

-.10 

-.06 

-.02 

+  .03 

+  .07 

+  .11 

+  .14 

+  .16 

Camb. 

30 

-.19 

-.17 

-.14 

-.11 

-.06 

-.01 

+  .04 

+  .09 

+  .13 

+  .16 

+  .lt 

+  .19 

+  .19 

10)    Madr. 
Cape 

35 

-.08 

-.11 

-.16 

-.20 

-.24 

-.25 

-.21 

-.13 

-.02 

+  .11 

+  .2.^ 

+  .32 

+  .36 

40 

+  .01 

00 

00 

-.01 

-.01 

-.02 

-.02 

-.02 

-.02 

-.02 

-.02 

-.02 

-.01 

Grw. 

40 

-.17 

-.18 

-.17 

—.16 

-.13 

-.09 

-.05 

00 

+  .04 

+  .08 

+  .11 

+  .15 

+  .17 

Grw. 

45 

-.06 

-.05 

-.04 

-.03 

-.01 

00 

+  .02 

+  .04 

+  .04 

+  .06 

+  .0t 

+  .06 

+  .06 

Arm. 

40 

—  .07 

-.02 

+  .03 

+  .08 

+  .12 

+  .16 

+  .19 

+  .20 

+  .20 

+  .18 

+  .16     +.12 

+  .07 

11)    Rad. 

45 

+  .05 

+  .03 

00 

-.02 

-.04 

-.06 

-.08 

-.09 

-.09 

-.09 

-.0> 

-.07 

-.05 

Pulk. 

45 

+  .07 

+  .06 

+  .05 

+  .03 

+  .01 

-.01 

-.03 

-.05 

-.06 

-.07 

-.Ob 

-.08 

-.07 

Paris 

45 

—  .07 

-.07 

-.07 

-.07 

-.0(; 

-.05 

-  .03 

-.01 

+  .01 

+  .03 

+  .05     +.06 

+  .07 

Stgo. 

60 

-.21 

-.15 

-.08 

-.01 

+  .07 

+  .14 

+  .20 

+  .25 

+  .28 

+  .29 

+  .28     +.26 

+  .21 

Grw. 

50 

-.07 

-.08 

-.08 

-.07 

-.06 

-.05 

-.03 

-.01 

+  .01 

+  .03 

+  .05     +.06 

+  .07 

12)    Cape 

50 

-.03 

-.08 

-.12 

-.15 

-.17 

-.18 

-.18 

-.17 

-.14 

-.11 

-.06     -.02 

+  .03 

Stgo. 

55 

-.04 

-.10 

-.15 

-.19 

')f) 

-.24 

-.24 

-lO 

-.18 

-.14 

-.09     -.03 

+  .04 

Pulk. 

55 

+  .03 

+  .03 

+  .04 

+  .04 

+  .03 

+  .03 

+  .02 

+  .01 

00 

-.01 

-.01 

>     —.02 

-.03 

13)    Wn. 

60  ) 

-.07 

-.10 

-.12 

-.13 

-.14 

-.13 

-.12 

-.10 

-.07 

-  .04 

00     +.04 

+  .07 

-20°) 

.00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00           00 

00 

Grw. 

60 

+  .01 

+  .02 

+  .03 

+  .04 

+  .05 

+  .05 

+  .05 

+  .04 

+  .04 

+  .03 

+  .02          00 

-.01 

Ead. 

60 

+  .08 

+  .05 

+  .02 

-.01 

-.05 

-.08 

-.10 

-.12 

-.13 

-.13 

-.11 

1     -.10 

-.08 

Cape 

60 

+  .03 

+  .06 

+  .08 

+  .10 

+  .11 

+  .11 

+  .11 

+  .10 

+  .08 

+  .06 

+  .0; 

00 

-.03 

Paris 

60 

-.08 

-.04 

00 

+  .04 

+  .08 

+  .11 

+  .14 

+  .16 

+  .16 

+  .16 

+  .14     +.11 

+  .08 

Stgo. 

60 

-.24 

-.24 

<)0 

-.19 

-.15 

-.10 

-.04 

+  .03 

+  .09 

+  .14 

+  .18     +.22 

+  .24 

Melb. 

60 

-.09 

-.04 

-.04 

—  .07 

-.13 

-.17 

-.17 

-.11 

00 

+  .16 

+  .33      +.47 

+  ..55 

Grw. 

64 

+  .04 

+  .03 

+  .02 

+  .01 

00 

-.01 

—  .02 

-.03 

-  .04 

-.04 

-.04      -.04 

-.04 
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Harv.  Go 
Melb.  70 
Madr.  75 
Wn.  75 
Harv.  75 


80 


6)  Cord 

7)  Cape   ou  -, 

Melb.  80 
Cape   85 


—30° 

-.046 
-.007 
+  .024 
-.009 
+  .017 

+  .004 

+  .040 

+  .049 
+  .033 


Table  III.     /la.  South  of  —30°  of  Declination. 
—3.5°         —40°         —45°         —50°         —55°         —60° 


Right-Ascension.  —  Cont. 


-65° 


-80° 


Ja,  cos  h 

— «0°       — S.5° 


Strb.    85  -.010 

Cape   90  +.028 

Mt.H.95  -.009 

3)  Alb.    98  000 


8)  Br. 

Pi. 

Grw. 

Kgb. 

Bb. 

9)  Dpt. 
Abo 
Cape 
Grw. 


10) 


11) 


St.  H. 

Cape 
Caiiib. 
Madr. 
Cape 

Grw. 
Grw. 

Arm. 
Rad. 
Pulk. 


1755  N. 

S. 

1800 

15 

20 

25 
30 
30 
30 
30 

30 
33 
30 
35 
40 

40 
45 
4() 
45 
45 


Paris 
Stgo. 
Grw. 

12)  Cape 
Stgo. 

Pulk. 

13)  Wn. 

Grw. 
Rad. 

Cape 
Paris 
Stgo. 
Melb. 
Grw. 


45 
50 
50 
50 


55 
60 
-20° 
60 
60 

GO 
GO 
60 
60 
64 


-.062 

-.005  -.004     -.006     -.011     -.019     -.032     -.044     -.057     -.071     -.089      -.015  -.011 

+  .034  +.039     +.038     +.031     +.017     -.007     -.038 

-.016  -.023  (-.030) 

+  .026 


-.010 
+  .045 
+  .014 
+  .054 
+  .030 


-.020 

+  .024 

+  .056 
+  .028 


-.024 
+  .034 
+  .053 
+  .053 
+  .025 


-.025 

+  .058 

+  .047 
+  .023 


-.026 
+  .065 
-.029 
+  .029 
+  .018 


-.027 

-.025 

+  .008 
+  .014 


-.028 
-.018 
-.003 
-.011 
+  .009 


-.023 

-.003 

-.025 
+  .003 


000 
-.026 


-.010 
-.003 
-.018 
-.035     -.048 
000         000 


.000       .000 
-.005  —.005 


.008 
.000 


-.008 
.000 


-.017 

-.034  +.038     +.039     +.039     +.0.38     +.037     +.037     +.035     +.036     +.040  i   +.007   +.O06 

-.004  +.006 1 

000         000 1 


Table  IV, 

.  +.30 
-.12 
+  .11 
+  .09 
-.05 

+  .08 
+  .02 
+  .12 
-.06 
-.08 

-.50 
+  .16 
+  .19 
+  .36 
-.01 

+  .17 
+  .06 
+  .07 
-.05 
-.07 

+  .07 
+  .21 
+  .07 
+  .03 
+  .04 

-.03 
+  .07 
.00 
-.01 
-.08 

-.03 
+  .08 
+  .24 
+  .55 
-.04 


Systematic  Corrections  of  the  Form,  z/S^. 
13''  141'  15''  16''  17"  18''  19^ 


+  .27      +.21: 


-.05 
+  .07 

+  .02 

-.07 
-.02 
+  .05 
-.12 
-.12 

-.46 
+  .17 
+  .17 
+  .35 
.00 

+  .18 
+  .05 
+  .02 
-.03 
-.06 

+  .08 
+  .15 
+  .08 
+  .08 
+  .10 

-.03 
+  .10 
.00 
-.02 
-.05 

-.06 
+  .04 
+  .24 
+  .55 
-.03 


-.34 
-.20 
+  .04 
+  .09 

22 

-.06 
-.02 
-.17 
-.15 

-.39 

+  .17 

+  .14 

+  .30 

.00 

+  .17 
+  .04 
-.03 
.00 
-.05 

+  .08 
+  .08 
+  .08 
+  .12 
+  .15 

-.04 
+  .12 
.00 
-.03 
-.02 

-.08 
.00 
+  .22 
+  .46 
-.02 


+  .16 
-.35 
-.33 

+  .02 
+  .16 

-.34 
-.09 
-.09 
-.21 
-.17 

-.30 
+  .16 
+  .11 
+  .20 
+  .01 

+  .16 
+  .03 
-.08 
+  .02 
-.03 

+  .07 
+  .01 
+  .07 
+  .15 
+  .19 

-.04 
+  .13 
.00 
-.04 
+  .01 

-.10 
-.04 
+  .19 
+  .29 
-.01 


+  .08 
-.29 
-.45 
-.02 
+  .21 

-.45 
-.12 
-.16 
-.24 
-.18 

-.18 
+  .13 
+  .06 
+  .10 
+  .01 

+  .13 
+  .01 
-.12 
+  .04 
-.01 

+  .06 
-.07 
+  .06 
+  .17 
+  22 

-.03 
+  .14 
.00 
-.05 
+  .05 

-.11 
-.08 
+  .15 
+  .09 
.00 


.00 
-.18 
-.53 
-.04 

+  .25 

-.53 
-.14 
-.21 
-.25 
-.18 

-.05 
+  .10 
+  .01 
.00 
+  .02 

+  .09 
.00 
-.16 
+  .0G 
+  .01 

+  .05 
-.14 
+  .05 
+  .18 
+  .24 

-.03 
+  .13 
.00 
-  .05 
+  .08 

-.11 
-.11 
+  .10 
-.12 
+  .01 


-.08 
-.03 
-.58 
-.07 

+  .27 

-.57 
-.15 
-.25 
-.24 
-.16 

+  .08 
+  .06 
-.04 
-.07 
+  .02 

+  .05 
-.02 
-.19 
+  .08 
+  .03 

+  .03 
-.20 
+  .03 
+  .18 
+  .24 

-.02 
+  .12 
.00 
-.05 
+  .10 

-.11 
-.14 
+  .04 
-.29 
+  .02 


-.16 
+  .11 
-.59 
-.09 

+  .27 


+  .21 
+  .02 
-.09 
-.11 
+  .02 

.00 
-.04 
-.20 
+  .09 
+  .05 

+  .01 
—  .25 
+  .01 
+  .17 

-(-  oo 

-.01 
+  .10 
.00 
-.04 
+  .12 

-.10 
-.16 
-.03 
-.40 
+  .03 


Ueclixation. 

20''  21" 


+  .21 
-.65 
-.11 

+  .26 


-.57  -.53 

-.15  -.14 

-.27  -.28 

-.22  -.18 

-.13  -.10 


+  .32 
-.03 
-.13 
-.12 

+  .02 

-.04 
-.05 
-.20 
+  .09 
+  .06 

-.01 
-.28 
-.01 
+  .14 

+  .18 

.00 
+  .07 

.00 
-.04 
+  .13 

-.08 
-.16 
-.09 
-.42 
+  .04 


—  .27 
+  !24 
-.49 
-.11 

+  .23 

-.46 
-.12 
-.26 
-.13 
-.06 

+  .41 
-.07 
-.16 
-.11 

+  .02 

-.08 
-.06 
-.18 
+  .09 
+  .07 

-.03 
-.29 
-.03 
+  .11 
+  .14 

+  .01 
+  .04 
.00 
-.03 
+  .13 

-.06 
-.16 
-.14 
-.38 
+  .04 


22'' 

-.30 
+  .21 
-.39 

-.11 

+  .18 

-.35 
-.09 
-.23 
-.07 
-.01 

+  .47 
-.11 
-.18 
-.09 

+  .02 

-.12 
-.06 
-.16 
+  .08 
+  .08 

-.05 
-.28 
-.05 
+  .06 
+  .09 

+  .02 

.00 

.00 

-.02 

+  .12 

-.03 
-.14 
-.18 
-.29 
+  .04 


23'' 
-.32 

+:i3 

-.25 
-.10 
+  .12 

22 

-.06 

-.18 

.00 

+  .04 

+  .50 
-.14 
-.19 
-.07 
+  .02 

-.15 
-.06 
-.12 
+  .07 
+  .08 

-.06 
-.26 
-.06 
+  .02 
+  .03 

+  .02 

-.04 

.00 

.00 

+  .10 

.00 

-.11 
oo 

-.18 
+  .04 


0'' 

-.30 
+  .02 
-.11 
-.09 
+  .05 

-.08 
-.02 
-.12 
+  .06 
+  .08 

+  .50 
-.16 
-.19 
-.08 
+  .01 

-.17 
-.06 
-.07 
+  .05 
+  .07 

-.07 
-.21 
-.07 
-.03 
-.04 

+  .03 

-.07 

.00 

+  .01 

+  .08 

+  .03 
-.08 
-.24 
-.09 
+  .04 
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Table  IV.     Systematic  Correctioxs  ok  the  Form,  JS,.     Declination.  —  Coiit. 

Qh  II.  2''  S''  4''  0^  «'■  T'  8''  '.»"  10'' 


Cape 

65 

-.02 

-.02 

-.02 

-.01 

-.01 

-.01 

00 

00 

+  .01 

+  .01 

+  .02 

+  .02 

+  .02 

Brs. 

65 

-.05 

-.03 

00 

+  .02 

+  .04 

+  .06 

+  .08 

+  .08 

+  .09 

+  .09 

+  .08 

+  .07 

+  .05 

Pulk. 

65 

+  .04 

+  .04 

+  .04 

+  .03 

+  .02 

+  .01 

00 

-.01 

-.02 

-.03 

-.04 

-.04 

-.04 

Leid. 

67 

-.02 

-.02 

-.03 

-  .03 

-.03 

-.02 

-.02 

-.01 

-.01 

00 

+  .01 

+  .01 

+  .02 

Melb. 

70 

-.11 

-.10 

-.09 

-.07 

-.05 

—  .02 

+  .01 

+  .04 

+  .06 

+  .08 

+  .10 

+  .11 

+  .11 

Giw. 

72 

00 

00 

00 

-.01 

-.01 

-.01 

-.01 

-.01 

-.01 

-.01 

00 

00 

00 

Madr. 

75 

+  .17 

+  .25 

+  .31 

+  .35 

+  .36 

+  .35 

+  .32 

+  .26 

+  .19 

+  .11 

+  .01 

-.08 

-.17 

\Vn. 

75 

-.02 

-.01 

00 

+  .01 

+  .02 

+  .02 

+  .03 

+  .03 

+  .04 

+  .04 

+  .03 

+  .03 

+  .02 

^  Pulk. 

75 

+.()(; 

+  .07 

+  .07 

+  .06 

+  .06 

+  .04 

+  .03 

+  .01 

00 

-.02 

-.04 

-.05 

-.06 

Haw. 

75 

oil 

00 

OO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

18)    Cord. 
Paris 

75 

00 

—  .02 

-  .04 

-  .05 

-.06 

—  .07 

—  .07 

—  .07 

-.06 

-.05 

-.04 

-.02 

00 

75 

-.13 

—  .00 

+  .01 

+  .08 

+  .15 

+  .21 

+  .25 

+  .28 

+  .28 

+  .27 

+  .24 

+  .19 

+  .13 

14)    Cape 

80 

-.10 

-.12 

-.12 

-.12 

-.11 

-  .09 

-.07 

-.04 

-.01 

+  .0? 

+  .05 

+  .08 

+  .10 

-25° 

+  .05 

+  .05 

+  .04 

+  .04 

-t-.02 

+  .01 

00 

-.01 

-.02 

-.04 

-.04 

-.05 

-.05 

-35 

-.23 

-.21 

-.17 

-.13 

-.07 

-.01 

+  .05 

+  .11 

+  .16 

+  .20 

+  .22 

+  .24 

+  .23 

-45 

-.16 

-.16 

-.14 

-.12 

-.09 

—  .(»5 

-.01 

+  .03 

+  .07 

+  .11 

+  .13 

+  .15 

+  .16 

Melb. 

80 

-.07 

-.08 

-.09 

-.09 

-  .09 

-.08 

-.06 

-.04 

-.02 

+  .01 

+  .03 

+  .05 

+  .07 

Grw. 

80 

+  .00 

+  .04 

+  .02 

+  .02 

+  .02 

+  .04 

+  .06 

+  .07 

+  .07 

+  .04 

00 

-.05 

-.10 

Pulk. 

85 

+  .02 

+  .01 

+  .01 

00 

-.01 

-.01 

-.02 

-.02 

-.03 

-.03 

-.03 

-.02 

-.02 

Cape 

85 

+  .12 

+  .11 

+  .08 

+  .00 

+  .(»2 

-.01 

-.04 

-.07 

-.10 

-.11 

-.12 

-.13 

-.12 

Stbg. 

85 

+  .03 

+  .03 

+  .02 

+  .01 

+  .01 

00 

-.01 

—  .02 

-.02 

-.03 

-.03 

-.03 

-.03 

Rad. 

90 

+  .07 

+  .10 

+  .12 

+  .13 

+  .14 

+  .13 

+  .12 

+  .10 

+  .07 

+  .04 

JOO 

-.04 

-.07 

Cape 

90 

-.06 

-.06 

-.06 

-.05 

-.04 

-.03 

-.01 

+  .01 

+  .02 

+  .04 

+  .05 

+  .06 

+  .06 

Grw. 

90 

00 

+  .01 

+  .02 

+  .02 

+  .02 

+  .03 

+  .03 

+  .02 

+  .02 

+  .02 

+  .01 

00 

00 

Madn. 

90 

-.21 

-.12 

-.04 

+  .03 

+  .08 

+  .10 

+  .11 

+  .11 

+  .11 

+  .13 

+  .15 

+  .18 

+  .21 

Ber. 

1)0 

+  .00 

+  .05 

+  .04 

+  .03 

+  .01 

00 

-.02 

-.04 

-.05 

-.06 

-.06 

-.06 

-.06 

Muu. 

92 

+  .01 

+  .01 

00 

00 

00 

-.01 

-.01 

-.01 

-.01 

-.01 

-.01 

-.01 

-.01 

Mt.  H. 

95 

+  .(»5 

+  .06 

+  .07 

+  .07 

+  .07 

+  .06 

+  .05 

+  .04 

+  .02 

00 

-.02 

-.04 

-.05 

Ber. 

95 

+  .08 

+  .07 

+  .06 

+  .04 

+  .02 

00 

-.03 

-.05 

-.06 

-.08 

-.08 

-.09 

-.08 

15)    W.-Ott. 
Alb. 

97 

+  .07 

+  .13 

+  .18 

+  .21 

+  .23 

+  .24 

+  .23 

+  .20 

+  .16 

+  .11 

+  .05 

-.01 

-.07 

98 

-.06 

-.07 

-.07 

—  .07 

-.06 

-.06 

-.04 

-.02 

00 

+  .01 

+  .03 

+  .05 

+  .06 

8)  Br.    1755 
Pi.     1800 

Grw. 

15 

Kgb. 
Bb. 

20 
25 

9)  Dpt. 
Abo 

30 
30 

Cape 
Grw. 

30 
30 

St.  H. 

30 

Cape 
Camb. 

33 
30 

10)  Madr. 
Cape 
Grw. 

35 
40 
40 

Table  V.      Systematic  Corrections  of  the  Form,  JS,.     Declination. 

+90°       +85'       +80=       +75-       +70°      +6.5'       +60°         +55°          +50°  +45°  +40'  +35°  +30" 

See   A.J.  545. 

.00     +.04     +.08     +.16     +.24     +.23     +.14     -   .06     -   .38  -   .64  -.85  -1.08  -1.29 

.00     -.05     -.14     -.26     -.37     -.47     -.56     -   .63     -   .68  -   .74  -.78  -   .82  -   .81 

00         .00      +.03      +.08      +.08      +   .04      -    .03  -   .04  .00  .00  .00 

.00     -.04     -.09     -.14     -.20     -.26     -.33     -   .41      -   .43  -   .38  -.32  -   .27  -   .24 

.00     -.04     -.08     -.09     -.06     -.05     -.05     -   .06     -   .09  -   .13  -.18  -   .24  -   .31 

+  .17     +.15     +.12     +.07     +.02     -.05     -.12     -   .23     -   .39  -   .62  -.92  -1.04  -1.09 

. +1.64     +1.26  +1.06  +.98  +   .99  +1.09 

-.08  +   .14  +   .29 

+  .11      +.03     -.06     -.16     -.28     -.35     -.40     -   .46     -   .54  -   .62  -.63  -   .59  -   .48 

00     +.07     +.18      +.34     +.51     +   .61      +    .OC  +   .66  +.62  +   .53  +   .36 

-   .74  -.49  -   .31  -   .22 

.00     -.03     -.05     -.06     -.06     -.05     -.04     -   .02     +   .01  +   .04  +.06  +   .07  +   .07 
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Table  IV.     Systematic  Corrections  op  the  Form,  /IB,.     Declination.  —  Cont. 

12"  IS"-  H""  IS""  le""  17''  I8'>  10''  20''  21''  22'' 


Cape 

65 

+  .02 

+  .02 

+  .02 

+  .01 

+  .01 

.00 

.00 

.00 

-.01 

-.01 

-.02 

-.02 

-.02 

Brs. 

65 

+  .05 

+  .03 

.00 

-.02 

-.04 

-.06 

-.08 

-.08 

-.09 

-.09 

-.08 

-.07 

-.05 

Pulk. 

65 

-.04 

-.04 

-.04 

-.03 

-.02 

-.01 

.00 

+  .01 

+  .02 

+  .03 

+  .04 

+  .04 

+  .04 

Leid. 

67 

+  .02 

+  .02 

+  .03 

+  .03 

+  .03 

+  .02 

+  .02 

+  .01 

+  .01 

.00 

-.01 

-.01 

-.02 

Melb. 

70 

+  .11 

+  .10 

+  .09 

+  .07 

+  .05 

+  .02 

-.01 

-.04 

-.06 

-.08 

-.10 

-.11 

-.11 

Grw. 

72 

.00 

.00 

.00 

+  .01 

+  .01 

+  .01 

+  .01 

+  .01 

+  .01 

+  .01 

.00 

.00 

.00 

Madr. 

75 

-.17 

—  .25 

-.31 

-.35 

-.36 

-.35 

-.32 

-.26 

-.19 

-.11 

-.01 

+  .08 

+  .17 

Wn. 

75 

+  .02 

+  .01 

.00 

-.01 

-.02 

-.02 

-.03 

-.03 

-.04 

-.04 

-.03 

-.03 

-.02 

Pulk. 

75 

-.06 

-.07 

-.07 

-.06 

-.06 

-.04 

-.03 

-.01 

.00 

+  .02 

+  .04 

+  .05 

+  .06 

Harv. 

75 

.00 

.00 

.00 

.00 

,00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

18)    Cord. 

75 

.00 

+  .02 

+  .04 

+  .05 

+  .06 

+  .07 

+  .07 

+  .07 

+  .06 

+  .05 

+  .04 

+  .02 

.00 

Paris 

75 

+  .13 

+  .06 

-.01 

-.08 

-.15 

-.21 

-.25 

-.28 

-.28 

-.27 

-.24 

-.19 

-.13 

14)    Cape 

80 

+  .10 

+  .12 

+  .12 

+  .12 

+  .11 

+  .09 

+  .07 

+  .04 

+  .01 

-.02 

-.05 

-.08 

-.10 

—  25° 

-  .05 

—  .05 

-.04 

-.04 

—  .02 

-.01 

.00 

+  .01 

+  .02 

+  .04 

+  .04 

+  .05 

+  .05 

-35 

+  .23 

+  .21 

+  .17 

+  .13 

+  .07 

+  .01 

-.05 

-.11 

-.16 

-.20 

—  .22 

-.24 

-.23 

-45 

+  .16 

+  .16 

+  .14 

+  .12 

+  .09 

+  .05 

+  .01 

-.03 

-.07 

-.11 

-.13 

-.15 

-.16 

Melb. 

80 

+  .07 

+  .08 

+  .09 

+  .09 

+  .09 

+  .08 

+  .06 

+  .04 

+  .02 

-.01 

-.03 

-.05 

-.07 

Grw. 

80 

-.10 

-.14 

-.16 

-.16 

-.13 

-.08 

-.02 

+  .03 

+  .08 

+  .10 

+  .10 

+  .08 

+  .06 

Pulk. 

85 

-.02 

-.01 

-.01 

.00 

+  .01 

+  .01 

+  .02 

+  .02 

+  .03 

+  .03 

+  .03 

+  .02 

+  .02 

Cape 

85 

-.12 

-.11 

—  .08 

-.06 

-.02 

+  .01 

+  .04 

+  .07 

+  .10 

+  .11 

+  .12 

+  .13 

+  .12 

Stbs. 

85 

-.03 

-.03 

-.02 

-.01 

-.01 

.0(1 

+  .01 

+  .02 

+  .02 

+  .03 

+  .03 

+  .03 

+  .03 

Rad. 

90 

-.07 

-.10 

-.12 

-.13 

-.14 

-.13 

-.12 

-.10 

-  .07 

-.04 

.00 

+  .04 

+  .07 

Cape 

90 

+  .06 

+  .06 

+  .06 

+  .05 

+  .04 

+  .03 

+  .01 

-.01 

-.02 

-.04 

-.05 

-.06 

-.06 

Grw. 

90 

.00 

-.01 

-.02 

-.02 

-.02 

-.03 

-.03 

-.02 

-.02 

-.02 

-.01 

.00 

.00 

Madn. 

90 

+  .21 

+  .22 

+  .21 

+  .17 

+  .10 

.00 

-.11 

-.21 

-  .29 

-.33 

-.32 

-.28 

-.21 

Ber. 

90 

-.06 

-05 

-.04 

-.03 

-.01 

.00 

+  .02 

+  .04 

+  .05 

+  .06 

+  .06 

+  .06 

+  .06 

Mun. 

92 

-.01 

-.01 

.00 

.00 

.00 

+  .01 

+  .01 

+  .01 

+  .01 

+  .01 

+  .01 

+  .01 

+  .01 

Mt.  H. 

95 

-.05 

-.06 

-.07 

-.07 

—  .07 

-.06 

-.05 

-.04 

-.02 

.00 

+  .02 

+  .04 

+  .05 

Ber. 

95 

-.08 

-.07 

-.06 

-.04 

-.02 

.00 

+  .03 

+  .05 

+  .06 

+  .08 

+  .08 

+  .09 

+  .08 

15)    W.-Ott. 

97 

-.07 

-.13 

-.18 

-.21 

-.23 

-.24 

-.23 

-.20 

-.16 

-.11 

-.05 

+  .01 

+  .07 

Alb. 

98 

+  .06 

+  .07 

+  .07 

+  .07 

+  .06 

+  .06 

+  .04 

+  .02 

.00 

-.01 

-.03 

-.05 

-.06 

Table  V. 

Systematic  Corrections 

OF 

tue 

Form, . 

/S, .     Dk 

LINATIOX. 

+25° 

+20° 

+1.5° 

+10° 

+5^^ 

0 

—5° 

—10° 

—  15° 

—20° 

—25^'" 

—30° 

8)  Br.     1 

755 

See"  A.J 

.  545. 

" 

" 

Pi.     1800 

-1.53 

-1.86 

-2.06 

-2.10 

-1.99 

— 

1.96 

-2.12 

-2.33 

-2.26 

-1.79 

-1.26 

-1.16 

Grw. 

15 

—    .77 

—    .72 

-   .70 

-   .71 

-   .73 

_ 

.78 

-   .84 

-   .92 

-1.01 

-1.10 

-1.20 

-1.30 

Kgb. 
Bb. 

20 
25 

.00 

—   .05 

—   .12 

—    .09 

—   .01 

+ 

.05 

+   .08 

+    .05 

+    .01 

+    .29 

+   .17 

9)  Dpt. 

30 

22 

-   .25 

-   .34 

-   .51 

-    .68 

_ 

.77 

-   .83 

-   .88 

-   .92 

-    .97 

Abo 

30 

-   .38 

-   .43 

-   .47 

-   .50 

-   .53 

— 

.55 

-   .59 

-   .67 

—   .77 

-   .91 

Cape 
Grw. 

30 
30 

-   .20 
-1.60 

-  .14 
-1.59 

— 

.06 
1.45 

+   .02 
-1.39 

+  .10 
-1.56 

+   .18 
-2.07 

+   .24 
-2.53 

+   .28 
-2.86 

+   .30 

-1.16 

-1.33 

li.51 

St.  H. 

30 

+ 1 .32 

+  1.37 

+  1.26 

+  1.02 

+   .91 

+ 

.92 

+  1.01 

+  1.01 

+    .72 

-   .03 

-   .35 

-   .18 

Cai)0 

3;; 

+   .40 

+   .38 

-   .32 

—  .22 

-   .12 

_ 

.11 

-   .21 

-   .14 

+   .20 

+   .53 

+   .72 

+   .79 

Cainb. 

30 

-   .30 

-   .16 

-   .14 

-   .16 

-   .23 

— 

.42 

-   .69 

-   .95 

-1.22 

-1.49 

-1.76 

0)   Madr. 

35 

+   .07 

-   .17 

-   .30 

-   .36 

-   .36 

— 

.33 

-   .28 

-   .20 

-   .10 

+   .05 

+   .25 

+   .47 

Cape 

40 

-   .21 

-   .23 

-   .20 

-   .12 

+   .04 

+ 

.38 

+   .58 

+   .56 

+    .40 

■+■   .31 

+   .22 

+  .10 

Grw. 

40 

+   .08 

+   .10 

+   .14 

+    .IS 

+   .24 

+ 

.30 

+   .37 

+   .42 

+    .46 

+   .48 

+   .49 
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Giw.  45 

Arm.  40 

11)  Rad.  45 
Pulk.  45 
Paris  45 

Stgo.  50 

Grw.  50 

12)  Cape  50 
Stgo.  55 
?i4k.  55 


Table  V.     Systematic  Corrections  of  the  Form,  JS,.     Declination. — Cont. 

+1)0°       +85°       +80°       +75°       +70^       +05°       +00°         +55°         +50°  +45°        +40° 


+.35^ 


.00 
.00 
.00 
.00 
.00 


+  .02 
.00 

+  .16 
.00 
.00 


-.04 
.00 

-.50 
.00 
.00 


+  .0G      +.09 
.00         .00 


+  .74 
.00 
.00 


+  .67 
+  .04 

—  .(KS 


+  .12 
.00 
+  .32 
+  .10 
-.15 


+  .12 
.00 

+ .  1 .-. 

+  .17 


+  .08 

-  .14 
+  .08 
+  .21 

-  .13 


.00 

-  .49 
+  .01 
+   .23 

-  .04 


.08 
.67 
.12 
.26 
.11 


-.12      -.13     -.14 


.15 


-.17 


-.18 


-.08 
-.62 
-.31 
+  .32 
+  .18 

+.17 

.17      _   .ir,     -.12 


-  .53 
+  .36 
+  .12 

+  .30 

-  .07 


+30" 


+   .03      +  .14 

-   .56     -  .56 

-  .70 
+  .36 
+  .03 

+  .56 

-  .01 


Wn. 
Grw. 
Rad. 
Clape 


60 
60 
60 
60 


Paris  60 

Stgo.  60 

16)  Melb.  60 
Grw.  64 
Cape  65 
Brs.  65 

Pulk.  65 

Leid.  67 

Melb.  70 

Grw.  72 

17)  Madr.  75 


Wn. 
Pulk. 
Harv. 
18)  Cord. 
Paris 


75 
75 


14)  Cape  SO 
Melb.  80 
Grw.  80 
Pulk.  85 
Cape  85 

Stbg.  85 

Rad.  90 

Cape  90 

Grw.  90 

Madu.  90 

Ber.  90 
Muii.  92 
Mt.  H.  95 
Ber.       95 

15)  W.-Ott.97 
Alb.       98 


-.26 

.00 
.00 
.00 


.00 


.00 
.00 


.00 


-.10 

.00 

.00 
.00 
.00 


.00 


-.16 


-.05      +.01      +.08      +.09      +    .09      +    .12      +   .21      +..30      + 


+  .16 
+  .06 

+  .27 


+  .36  +.43 
+  .13  +.19 
+  .68     +.90 


+  .41 
+  .25 
+  .86" 


+  .35 
+  .29 
+  .68 


+  .37 
+  .31 
+  .49 


+  .40 
+  .30 
+    .38 


+  .38 
+  .26 
+   .29 


+  .32 
+  .18 
+   .00 


+  .25 
+  .08 
-.30 


.02      -.06 


.03 


.06     -.03      +.02     +.08     +   .15     +   .16     +   .07 


.00 


.00 


.00      —.02 


.04 


-.04 


.00      +    .06      +    .06 


+  .38     +.41     +.44     +.47     +.50     +.52      +.43     +   .19     -   .03     -   .14 


.00         .00 
+  .03     +.07 


.00         .00         .00 
+  .10     +.05     -.09 


+  .04 
-.19 


+   .11      +   .21 
-   .20     -   .18 


+   .26 
-   .15 


.00     -.04     -.09 
....       +.26 


.14     -.20 
.04     -.64 


-.28 
-.70 


.00  +.01  +.03  +.06  +.09  +.12 
.00  .00  .00  +.02  +.04  +.06 
.00     +.02     +.06     +.10     +.09     +.05 


-.36 
+  .60 

+  .17 
+  .08 
-.05 


-  .44 

-  .13 

+  .21 

+  .10 

-  .14 


.49     -   .53 
23     .22 


+  .38 
+  .06 
+  .20 
-.16 

+  .27 
-.10 
+  .76 
-.54 
-.26 


+  .18 
+  .12 
-   .11 


+  .06 
+  .12 
+   .10 


.00 


.00 


.04     -.10 


.17     -.21      - 


.26 


.00 

+  .02 

+  .05 

+.11 

+  .17 

+ 

21 

+  .21 

+ 

.18 

+ 

.10 

.00 

.00 

.00 

+  .02 

+  .04 

+  .05 

+  .06 

+ 

.04 

+ 

.04 

.00 

.00 

.00 

-.02 

-.06 

.07 

-.07 

.06 

.07 

.00 

.00 

.00 

-.04 

-.13 

- 

32 

-.54 

- 

.58 

— 

.49 

-   .29 

+  .06 
+  1.00 
+  .01 
+   .05 


-.33 


-.02 


-.04 
+  .09 
-1.03     -.81 


.10 
.06 


.10     -.09      -.06     -.01         .00 
.10     -.13     -.14     -.14     -.14 


+  .03     +.07 


-.05 
+  .05 
+  .06     +.06 


.00 


-.14 


+  .06 
.00 


+  .13  +.16 

-.24  -.28 

+  .07  +.05 

+  .06  +.07 


+  .lt 


.00 

+  .11 


+  .13 
-.24 


.03 
.12 


.09 
.32 


.09 
.08 


+   .04 
-   .44 


+  .19     +   .18     +   .07 


.00 


.00     +.02      +.07      +    .06 


.OS 


-  .09 

-  .45 

-  .30 

-  .10 

-  .02 

-  .01 

-  .63 
+  .09 

-  .03 

-  .19 


-.08 
-.50 
-.07 
-.08 
+  .10 

-.06 

-.78 

.00 

-.10 


+  .35 

+  .06 

+  .14 

-  .90 

.11      -  .16 


.14 
.06 
.70 


.07     -   .14 


+  .24 

-  .08 
+  .48 

-  .54 

-  .17 


-.10  -  .24 
+  .10  +  .06 
+  .26     +   .28 


-  .34 

-  .07 
+  .41 

-  .06 
+  .14 

-  .62 

-  .06 

-  .62 
+  .02 

-  .06 
+  .26 

-  .12 


.17 
.14 


.1< 


.  .    .  .00 

+  .34  +   .30 

+  .06  +   .10 

+  .13  +   .05 

-  .09  .00 


+  .23 

-  .15 
+  .19 

-  .52 
+  .54 

-  .30 
+  .02 
+  .24 

-  .94 

-  .32 

-  .11 
+  .11 

-  .01 
+  .18 

-  .47 

-  .05 
^2 

.00 

-  .05 
+  .32 

-  .14 


-.08     +.02     +.18     +.31     +.37     +.36     +.29     +   .17     +   .10     +   .06      +.06     +   .04 


.-'0 

.16 
.85 
.01 
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Table 

V. 

Systematic 

CORBECTIONS   OF 

THE 

Form, 

dl,. 

Declination.  — 

-  Cent. 

+25° 

■f20° 

+15° 

+10° 

+5° 

0 

— 5° 

- 

-10° 

-15° 

- 

-20° 

- 

-25° 

-30° 

Grw. 

4o 

+ 

.17 

+ 

'.12 

.00 



.04 

.00 

+ 

'09 

+ 

.10 

+ 

.07 

.00 

_ 

.07 

_ 

!l3 

_ 

!21 

Arm. 

40 

— 

.53 

— 

.52 

_ 

.55 

_ 

.71 

_ 

.86 

_ 

.88 

_ 

.83 



.76 



.69 



.58 



.31 

+ 

.22 

11  j  Rad. 

45 

— 

.77 

— 

.72 

_ 

.58 

_ 

.32 

_ 

.08 

+ 

.17 

+ 

.41 

+ 

.56 

+ 

.54 

+ 

.28 

_ 

.32 

Tulk. 

45 

+ 

.35 

+ 

.34 

+ 

.33 

+ 

.34 

+ 

.35 

+ 

.38 

+ 

.42 

+ 

.47 

+ 

.53 

+ 

.60 

Paris 

45 

.00 

.00 

+ 

.01 

- 

.07 

- 

.15 

- 

.19 

- 

.19 

- 

.15 

- 

.05 

+ 

.11 

+ 

..34 

+ 

.60 

Stgo. 

50 

+ 

.69 

+ 

.78 

+ 

.84 

+ 

.82 

+ 

.85 

+ 

.93 

+ 

.99 

+  1.02 

+  1.00 

+ 

.95 

+ 

.82 

+ 

.56 

Grw. 

50 

+ 

.05 

+ 

.13 

+ 

.15 

+ 

.11 

_ 

.01 

_ 

.13 

_ 

.14 



.13 



.11 



.07 



.03 

+ 

.01 

12)  Cape 

50 

_ 

.40 

_ 

.34 

_ 

.19 

+ 

.02 

+ 

.14 

+ 

.14 

+ 

.07 

.Stgo. 

55 

+ 

.26 

4- 

.20 

+ 

.14 

+ 

.10 

+ 

.06 

+ 

.04 

+ 

.03 

_ 

.01 



.11 

_ 

.25 

_ 

.35 



.34 

Fulk. 

55 

+ 

.32 

+ 

.33 

+ 

.37 

+ 

.39 

+ 

.40 

+ 

.40 

+ 

.42 

+ 

.50 

+ 

.71 

+ 

.99 

\Vn. 

(iO 

+ 

.02 

_ 

.02 



.07 



.17 



.19 

_ 

.14 

_ 

.04 

_ 

.01 

.00 

+ 

.03 

+ 

.12 

+ 

.31 

Grw. 

60 

+ 

.26 

+ 

.29 

+ 

.28 

+ 

.23 

+ 

.12 

+ 

.04 

+ 

.02 

+ 

.04 

+ 

.10 

+ 

.20 

+ 

.32 

+ 

.46 

Rad. 

60 

_ 

.87 

_ 

.67 

— 

.45 

_ 

.22 

+ 

.01 

+ 

.26 

+ 

.51 

+ 

.74 

+ 

.82 

+ 

.66 

+ 

.36 

+ 

.13 

Cape 

60 

— 

.21 

_ 

.26 

_ 

.28 

_ 

.31 

_ 

.33 

_ 

.34 

_ 

.34 

_ 

.31 

_ 

.22 



.08 



.01 

+ 

.02 

Paris 

60 

- 

.18 

- 

.22 

- 

.26 

- 

.28 

- 

.26 

- 

.20 

- 

.18 

- 

.15 

- 

.05 

+ 

.14 

+ 

.43 

+ 

.78 

Stgo. 

60 



.06 



.14 

_ 

.28 

__ 

.46 

_ 

.56 

_ 

.52 

_ 

.30 

_ 

.12 

.14 

.20 

.12 

+ 

.21 

16)  Melb. 

60 

+ 

.28 

+ 

.28 

+ 

.35 

+ 

.50 

+ 

.78 

+ 

.90 

+ 

.90 

+ 

.76 

+ 

.55 

+ 

.44 

+ 

.41 

+ 

.40 

Grw. 

64 

+ 

.12 

+ 

.11 

+ 

.09 

+ 

.05 

.00 

_ 

.04 

_ 

.05 

.00 

+ 

.11 

+ 

.26 

+ 

.46 

+ 

.66 

Cape 

65 

_ 

.02 

_ 

.09 

_ 

.16 

_ 

.20 



.24 

_ 

.25 

_ 

.24 

_ 

.19 



.11 

.00 

+ 

.04 



.03 

Brs. 

65 

+ 

.04 

+ 

.03 

.00 

- 

.03 

- 

.04 

- 

.04 

- 

.02 

+ 

.02 

+ 

.08 

+ 

.16 

+ 

'i- 

+ 

.47 

Pulk. 

65 

+ 

.24 

+ 

.31 

+ 

.36 

+ 

.35 

+ 

.33 

+ 

.35 

+ 

.40 

+ 

.46 

+ 

.54 

+ 

.64 

Leid. 

67 

_ 

.29 

_ 

.36 

_ 

.37 

_ 

.32 

_ 

.22 

_ 

.05 

+ 

.04 

+ 

.06 

+ 

.01 



.13 

Melb. 

70 

— 

.09 

_ 

.35 

_ 

.40 

_ 

.26 

_ 

.17 

_ 

.18 

_ 

.25 

_ 

.35 

_ 

.40 

_ 

.42 

_ 

.41 

_ 

.41 

Grw. 

72 

— 

.50 

— 

.52 

_ 

.59 

_ 

.74 

_ 

.95 

-1.15 

-1.26 

-1.34 

-1.46 

-] 

.70 

_^ 

'.09 

—  •_ 

'.53 

17)  Madr. 

75 

+ 

.62 

+ 

.79 

+ 

.33 

- 

.41 

- 

.58 

+ 

.66 

- 

.05 

- 

.09 

+ 

.01 

- 

.02 

+ 

.10 

-f- 

.86 

Wn. 

75 

_ 

.31 

_ 

.29 



.27 



.26 



.25 



.24 



.26 

_ 

.30 

_ 

.31 

_ 

.29 

_ 

.22 

_ 

.08 

Pulk. 

75 

+ 

.02 

+ 

.05 

+ 

.09 

+ 

.11 

+ 

.12 

+ 

.12 

+ 

.17 

+ 

.27 

+ 

.42 

+ 

.60 

Harv. 

75 

+ 

.23 

+ 

.31 

+ 

.29 

+ 

.06 

.00 

+ 

.12 

+ 

.25 

+ 

.31 

+ 

.32 

+ 

.33 

+ 

.36 

+ 

.42 

18)  Cord. 

75 

_ 

.82 

_ 

.70 

_ 

.60 

_ 

.54 

_ 

.49 

_ 

.48 

_ 

.49 

_ 

.46 

_ 

.37 



.31 

_ 

.28 

_ 

.28 

Paris 

75 

- 

.28 

- 

.26 

- 

.25 

- 

.24 

- 

.23 

- 

.22 

- 

.22 

- 

.21 

- 

.16- 

- 

.02 

+ 

.23 

+ 

.49 

14)  Cape 

80 

_ 

.14 

_ 

.16 

_ 

.17 

_ 

.18 



.15 



.07 



.03 

_ 

.02 

_ 

.03 

_ 

.07 

_ 

.12 

_ 

.21 

Melb. 

SO 

_ 

.20 

_ 

.41 

_ 

.41 

_ 

.32 

_ 

.28 

_ 

.32 

— 

.45 

_ 

.55 

_ 

.60 

_ 

.61 

_ 

.65 

_ 

.67 

Grw. 

80 

+ 

.11 

+ 

.23 

+ 

.28 

+ 

.26 

+ 

.15 

+ 

.11 

+ 

.22 

+ 

.34 

+ 

.44 

+ 

.51 

+ 

.61 

+ 

.79 

Pulk. 

85 

+ 

.22 

+ 

.24 

+ 

.25 

+ 

.25 

+ 

.24 

+ 

.22 

+ 

.19 

+ 

.15 

+ 

.06 

_ 

.14 

Cape 

85 

- 

.37 

- 

.31 

- 

.30 

- 

.29 

- 

.28 

- 

.27 

- 

.26 

- 

.26 

- 

.27 

- 

.28 

- 

.28 

- 

.24 

Stbg. 

85 

_ 

.08 

_ 

.10 

_ 

.08 

_ 

.02 

.00 

.00 

.00 

.00 

_ 

.03 

_ 

.08 

_ 

.13 

_ 

.18 

Rad. 

90 

_ 

.76 

_ 

.77 

_ 

.77 

_ 

.77 

_ 

.76 

_ 

.74 

— 

.68 

_ 

.61 

_ 

.54 

_ 

.47 

_ 

.39 

_ 

.32 

Cape 

90 

_ 

.05 

_ 

.06 

_ 

.04 

_ 

.01 

_ 

.02 

_ 

.05 

— 

.09 

_ 

.11 

_ 

.10 

_ 

.08 

_ 

.01 

+ 

.04 

Grw. 

90 

_ 

.04 

— 

.02 

.00 

+ 

.02 

+ 

.03 

+ 

.04 

+ 

.06 

+ 

.12 

+ 

.21 

+ 

.34 

-h 

.50 

-t- 

.70 

Madn. 

90 

+ 

.31 

+ 

.28 

+ 

.29 

+ 

.34 

+ 

.38 

+ 

.38 

+ 

.34 

+ 

.29 

+ 

.23 

+ 

.18 

Ber. 

90 

.11 

_ 

.08 

_ 

.06 

_ 

.03 

.00 

+ 

.03 

+ 

.05 

+ 

.08 

+ 

.10 

Mun. 

92 

_ 

.70 

_ 

.74 

_ 

.79 

_ 

.84 

_ 

.89 

_ 

.97 

-1.05 

Mt.  H 

95 

_ 

.23 

_ 

.14 

_ 

.10 

_ 

.09 

_ 

.10 

_ 

.05 

+ 

.04 

+ 

.14 

+ 

.21 

+ 

.26 

+ 

.32 

+  ' 

.43 

Ber. 

95 

_ 

.14 

_ 

.12 

— 

.12 

_ 

.12 

— 

.11 

_ 

.09 

— 

.02 

+ 

.08 

+ 

2'' 

+ 

.42 

+ 

.62 

15)  W.-Ott.97 

-1.01 

-1.07 

-1.05 

_ 

.98 

_ 

.85 

_ 

72 

_ 

.64 

_ 

.59 

_ 

.56 

_ 

.52 

_ 

.46 

_ 

.35 

Alb. 

98 

— 

.06 

— 

.09 

— 

.10 

— 

.09 

— 

.05 

+ 

.01 

.00 

— 

.05 

— 

.08 

_ 

.06 

_ 

.02 

+ 

.06 

•-'00 
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I'i.  ISOO 

Bb. 

2;"> 

Cape 
St.H 

30 
.■50 

Cape 

:i:i 

10)  Madr 

ou 

Cape 

Stgo. 

12) Cape 

Stgo. 

40 

r>o 

50 
55 

Wn" 

60 

Cape 

Stsio. 

60 
60 

Melb. 

(10 

-30° 

-L16 

+  .17 

+  .30 

-  .18 
+  .79 

+  .47 

+  .10 

+  .56 

+  .07 

-  .34 

+  .31 

+  .02 

+  .21 

+  .40 


Table  V.     Sy.stematic  Corrections,  JSi,  Soith  of  —30°. 
-.35°         —40°         —45°  —50°         —55°         —80°  —65°         —70° 


-1.36 

+  .08 

+  .26 

+  .33 

+  .70 

+  .75 

-  .04 


-  .01 

-  .19 


-75°      —80°        —85° 


-1.98  —2.63 
+  .06  +  .16 
+   .18     +   .04 


+   .34     +   .56     +   .97 
-  .14     -   .30     -   .38 


+  1.20      +1.03      +.58      +.32 
-   .40     -   .32     -.16         .00 


+  .13 
.00 


+   .52     +   .48     +   .27      +   .13     +   .10     +   .22     + 
+   .51      _   .06     -   .25     -   .23     -   .25 


50     -   .16     -.02 


.73 
.00 


+  1.00     +1.15     +1.23     +1.24      +1.20     +1.13 


—   .22 


.38 


.64      -   .74 


+   .25     +   .13     +   .27     +   .36     +   .36     +   .19 


.08 
.07 


-  .17 

-  .04 


-  .36 

-  .07 


.32 

.18 


-  .17 

-  .35 


.79 
.00 
.23 


.00 
.00 


.00 


.71      -.42     -.21  -.07  .00 

.00         .00         .00  .00  .00 

.37     -.31      -.12  -.03  .00 

_.50  -.36  -.17 


+   .64  +  .97 

.00  -  .04  -   .0()     -   .06     -   .04  .00     +   .05     +   .08     +.10     +.10     +.09     +.08 

+   .63  4-  .83  +   .88     +   .76     +   .55     +   .37     +   .25     +   .15     +.08     +.03         .00         .00 

+   .38  +  .30  +   .16     -    .05     -   .29     -   .48     -   .54     -   .52     -.45     -.33     -.17         .00 


Bradley  1  755  Eq. 

19)  +60° 

20)  Piazzi  1 800 
Greenw.  15 
Dorpat  15 
Konigsb.  15 
Konigsb.    25 


Dorpat 
Cape 
St.  H. 
Abo 
Greenw. 


30 
30 
30 
30 
30 


Cambr.  30 

Cape  33 

21)   Madras  .35 

Armagh  40 


Cape 

Greenw. 

Greenw. 

Radcl. 

22)   Pulkowa 

Paris 

Santiago 

Greenw. 

Cape 

Santiago 

Cape 

Waslru 

Greenw. 

Radcl. 

Santiago 

Melb. 

Paris 

Greenw. 


40 
40 
45 
45  Eq. 

+  60° 
45  S. 

N. 
45  Eq. 

+  60° 
50 
50 
50 
55 
60 

(iO 

60 

60 

60 

60 

60  Eq. 
+  55° 
+  80° 

64 


Table  VI. 
.05     .1    .15 


Weights  in    Kiciit-Ascension  fok  the  Pkixoipal  Catalogues. 
.2     .25       .3      .35       .4       .5        .6       .7      1.0     1.5     2.0     2.5     3.0     3.5     4.0     5.0     6.0     7.0     8.0     9.0    10.0 


2       4 

1  2 
8  27 
1 


6     8 


10     13     15     17 
4       5       6       7       8 


1  2 

2  4 

1  2 
1 

2  5 

1  2 
'1  .  . 

2  4 
2     4 

2  3 
1  2 
1   .. 


2     3 


12     16 


6 

3 

14 

18 


1  2 
.  1 
1  2 
1  .. 
1  2 
1     2 


1  . 


6 

10 

5 


(! 

8 

4 

13 

6 

21 
8 
3 

31 

11 

5 

28 

10 
16 

9 
38 
11 

4 
36 

15 
6 

13 
6 

21 
9 

10 

75 

15 

5 

17 

7 
26 
10 

12 

3 

16 

10 

19 
26 

31 
51 

50 

78 

t\ 

15 

20 
(■) 

10 

14 

20 

27 

35 

44 

63 

"1 

S 

25 

7 

65 
9 

4 

20 

45 

19 

27 

12 
10 


13 


.  .  1 

7  8 

.  .  4 

6  8 

5  7 

10  15 

10  15 


8     10 
10     15 


14 
13 

9 
18 
10 

3 

10 

5 

10 

8 


4 
12 


19 
15 
11 
25 
13 

4 

2 

13 


29  44 
43  .  . 
23     40 


6 


9     13     16     21     27     37     58 


..35678 
23  .39  64  110  .  .  .  . 
11  17  25  39  58  95 
26     55 


10     14     19     25     35     48 


9     17 


41     61     91 


6     11 
10     17 


38 


i     41     61     91     ...  . 
8     13     18     24     32     42     65 


6 

14 

11 

8 

4 


10     14  20  26     34     44 

23     52  71 150  250     .   . 

22     52  71 150  250     .   . 

52  71 150  250     .  . 

10  13  17     22     26     35     50     75 


15 
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Caiie  65 
Melb.  70 

17)  Mailr.  75 
Wn.  75 
Harv.  75 

18)  Cord.  75 
14) Cape  80 

Melb.  80 
Cape  85 
Cape   90 

Mt.H.9o 

1 5  iW-Ott.97 

Alb.    98 


Table  V.     Systematic  Corkections,  JS^,  South  of  - 
-30=  —35°  —40°  —45°         —50°         —55°         —60°         —65° 


.30»._Cont. 

—70°      —75°      —80° 


—85° 


-90= 


-  .0.3 

-  .41 
+  .86 

-  .08 
+  .42 


.21 
.67 
.24 
.04 


-  .03  +    .02 

_  .47  —    .6,3 

+  .95  +1.11 

+  .22  +    .71 

+  .51  ... 


+  .09  +  .13  +  .14  +  .14  +  .16  +  .17  +.19  +.21  +.23  +.25 
-  .63  -  .51  -  .45  -  .46  -  .46  -  .42  -.31  -.18  -.08  .00 
+   .75     +   .13     +    .K;     +1.60     +1.20     +2.00 


-  .2() 

-  .29 

-  .69 

-  .19 
+  ,05 


-  .23 

-  .26 

-  .71 

-  .16 
+  .02 


.18 
.10 
.71 
.17 
.02 


-  .14 
+  .04 

-  .67 

-  .24 

-  .03 


-  .11 
+   .12 

-  .60 

-  .30 
.00 


.08 
.16 
.45 
.29 
.02 


-  .(16 
+  .17 

-  .28 

-  .20 
+  .04 


-  .04 
+  .25 

-  .17 

-  .12 
+  .04 


—  .03      -.02 
+  .43     +.44 


-.10 
-.06 
+  .03 


-.05 
-.03 
+  .01 


-.01 
+  .26 
-.02 
-.01 
.00 


.(10 
+  .06 
.00 
.00 
.00 


+    .43      +   .65      +1.12 


+   .06      +   .15      + 


Table  VI.     Weights  in  Eight-Ascen.sion  for  the  Principal  Catalogues.  —  Cont. 
Wis.        .05    .1    .15      .2      .25       .3      .35       .4       .5        .6       .7       1.0    1.5     2.0    2.5      3.0    3.5     4.0      5.0     6.0    7.0    8.0      9.0     10.0 


Cape 

65 

1 

2 

3 

4 

5 

6 

7 

12 

20 

32 

50 

Bru.ssels 

65 

..     1 

2 

3 

4 

r> 

1 

8 

28 

Harvard 

65 

1 

- 

.3 

4 

o 

(> 

/ 

15 

I)  Pulkowa 

(55  8. 

1 

2 

3 

4 

6 

7 

9 

10 

14 

IS 

28 

35 

56 

N. 

1 

2 

3 

4 

o 

6 

' 

9 

12 

14 

18 

23 

28 

Melb 

70 

72  Eq. 

+  60° 

1 

2 

3 
2 

4 
3 

.5 
4 

8 
6 

12 
9 

17 
11 

22 
14 

28 
IS 

35 

50 
.30 

78 
.39 

54 

74 

1 

2 

3 

5 

6 

9 

11 

14 

20 

28 

53 

77 

Madras 

75  Eq. 
+  60° 
-.50° 

1     3 

1  2 

2  4 

4 
4 

6 
11 

8 
17 

9 
10 
25 

11 
13 
61 

13 
17 

16 
23 

20 
46 

24 

34 

61 

AVash'n 

75 

1 

2 

.". 

1 

5 

6 

9 

13 

17 

oo 

OJ 

32 

41 

55 

73 

94 

I^ulkowa 

75  Eq. 

.  .      1 

2 

3 

4 

5 

() 

7 

S 

13 

IS 

24 

30 

3(; 

43 

53 

69 

86 

+(;o° 

75  Eq. 

+  70° 

1 
1 

3 
3 

4 

4 

5 

a 
(i 

8 
9 

11 
12 

14 
16 

IS 
20 

21 
25 

25 
30 

30 
38 

42 
50 

54 
65 

G7 
83 

84 

Harvard 

2 

.3 

4 

(i 

S 

10 

12 

14 

IS 

25 

34 

45 

61 

83 

3)  Cordoba 
Paris 

75 
7.5 

1 

3 

4 
4 

5 
5 

() 
6 

8 

10 
10 

28 
17 

29 

47 

80 

.  .      1 

Cape 

80 

.  .      1 

4 

5 

6 

8 

12 

IS 

26 

34 

45 

57 

S3 

Melb. 

so 

.  .      1 

2 

3 

4 

5 

6 

■J* 

9 

15 

23 

■.35 

50 

71? 

so 

85  )  S. 
92  IN. 

2 
1 

., 

6 

s 

4 

11 
6 

14 

IS 

23 

10 

.30 
14 

45 

IS 

64 

28 

35 

r>c, 

2)  Pulkowa 

1 

2 

3 

4 

5 

(\ 

7 

9 

12 

14 

IS 

•1;- 

28 

Cape 

S5  Eq. 

1 

3 

4 

.5 

6 

7 

10 

15 

19 

2.3 

2S 

.3.3 

40 

51 

()3 

76 

-60° 

So 

1 

- 

" 

4 

(! 
4 

s 

11 

14 
9 

17 
11 

20 
13 

17 

37 
25 

50 
36 

68 
51 

SO 

Strassb. 

Radcl. 

90 

1 

3 

4 

5 

7 

10 

15 

20 

25 

31 

38 

49 

M\ 

Cape 

90 

1 

2 

3 

4 

o 

6 

>t 

13 

17 

22 

27 

32 

40 

54 

71 

91 

.Madison 

90 

1 

- 

3 

4 

'• 

(> 

S 

10 

15 

24 

38 

70 

4)  Berlin 

90 

1 

2 

3 

4 

5 

6 

9 

12 

17 

24 

40 

Lisbon 

90 

1 

2 

.3 

4 

5 

7 

9 

12 

16 

22 

32 

Ureenw. 

90 

1 

■_■ 

:; 

1 

,". 

S 

10 

12 

15 

IS 

24 

.32 

4;-. 

57 

77 

Mt.  H. 

95 

10 

Uerlin 

95 

9S 

1 

1 

.3 

1 

6 

.3 

1 

>» 

11 

6 
14 

9 
2(» 

12 

17 

24 

4<> 

5)  .\ll,anv 

,'()S 
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Catiil. 

26)  Hiadley 
I'iazzi 
Greenwich 
Kiinigsberg 
Brisbane 

Uorpat 
Abo 
Cape 

Green  wicli 
St.  Helena 

Cape 

Cambridge 

Madras 

Cape 

Greenwicli 

Greenwicli 

Armagh 

RadclifEe 

27)  Pulkowa 
Paris 

Santiago 
Greenwicli 
Cape 
Santiago 

28)  Pulkowa 

Washington 

Greenwich 

Radeliffe 

Cape 

Paris 

Santiago 
Melbourne 


Wts. 

1755 

1800 

15 

20 


30 
30 
30 

30 

;!0 


30 
35 
40 
40 

45 
40 
45 
45 
45 

50 
50 
50 

55 


60 
60 
60 
60 
60 

60 
60 


Table  VII.     Weights  in  Declination  for  the  Principal  Catalogues. 
.05     0.1  .15      .2    .25     .3      .36       .4       .6      .6       .7     1.0    1.5     2.0     2.5     3.0     3.5     4.0     5.0     6.0     7.0     8.0     9.0  10.( 


12     4       5 

1  4     9     18  

1  .   2  .  .  . 
Argument,  probable  error. 

2  11 


11  17  28 

'.  .     .  .       3 


8  12  U 


35 


1  2 

2  3 
.  1 

1  2 


1  2 


1  .  . 

1  2 

.  1 

.  1 


1 7  30  69 
1 7  30  69 


10  .  . 
4  5 
8  11 


6   7 
15  23 


12  19 
.  .  3 
.  .   3 


6 

12 

4 


10  14  26 


6  13 
8  19 


7  16  .  .  .  . 

7  12  22  46 


.34 
9  13  IS 
6  11  24 


15  27  51 


5   6 


1  .  .   2   3   4 
8  13  23  38  70 


12 


i'^ 


7  10  14  26  .  . 

3  4  5  7  12 

3  4  5  6  15  .  . 

10  13  18  25  .  .  .  . 

..  3  4  5  7  11 


9  13  28  80 
2   3   5   7 


46 

17  25  36  61 
38 


11  15 


5   7 
8  13 


11 


17  25  39  61 
38  70  .  .  .  . 


10  13  18  25 

4   5   6   8  13  23  .38  70 


NoTK  1.  The  magnitude-equations  for  the  two  Madras  Cata- 
logues are  very  uncertain.  There  is  reason  to  believe  tliat  they 
increase  more  rapidly  than  the  proportion  of  numerical  magnitude. 
The  ground  for  this  suspicion  is  given  in  the  chapter  on  Magnitude- 
Equation,  A.J.  536. 

Note  2.  The  corrections  for  I'ulkowa  92  (right-ascensions  of 
secondary  standards  determined  with  the  Transit)  rest  on  the  com- 
parison of  only  148  stars  with  the  Standard  Catalogue.  Many  of 
these  stars  depend  upon  a  comparatively  small  number  of  observa- 
tions.    For  observed   Ja,„  we  have 


Mag. 

?),. 

Ja,„ 

1.9 

8 

-f-0.011 

3.1 

28 

—0.005 

4.0 

94 

-fO.005 

4.9 

SO 

+0.006 

(1.0 

17 

+0.006 

All  the  corrections  for  this  catalogue  in  the  present  tables  must  be 
regarded  as  approximate  only. 

Note  3.  The  corrections  for  Albany  98  are  intended  to  apply, 
not  to  the  positions  obtained  in  the  preliminary  reductions  on  quasi 


fundamental  principles,  but  to  the  positions  to  be  published  in  the 
final  catalogue  for  1900. 

Note  4.  Struve's  right-ascensions  as  published  in  "Catalogue 
I,"  Part  II,  Volume  I,  of  the  Dorpat  observations,  were  corrected 
(by  means  of  the  equations  given  for  each  star  of  the  Catalogue)  to 
the  aberration,  20".50,  and  nutation,  9". 224.  Large  corrections 
were  also  applied  to  the  catalogue  positions  on  account  of  the 
adopted  corrections  to  the  assumed  right-ascension.s  of  Struve's 
six  standard  stars,  as  follows  : 


T 

Capella, 

+0.17 

IV     a  Persei 

+0.21 

II 

a  Li/rae, 

+0.17 

V     8  Cassiopeae, 

+0.24 

III 

a  Cygni. 

+0.18 

VI     =-  Urs.  Maj.. 

+0.18 

The  corrections  given  in  Tables  II  and  III  apply  to  Struve's 
right-ascensions  so  treated.  The  right-ascensions  of  "  Catalogue  II," 
1814,  were  reduced  to  Catalogue  I  by  the  application  of  the  follow- 
ing correction, 

+0».18  — 0».0442  I  +  [+^019+•.031  sin  (268^+a)]  sec  8 

)'  is  taken  from  Catalogue  II. 


N°'  549-550 


THE     ASTEONOMICAL     JOURNAL. 


209 


Catal. 


Table  VII.     Weights  in  Declination  for  the  Pbincipal  Catalogues.  —  Cont. 
Wts.        .05      .1     .1.5     .2      .2.5      .3      .35      .4       J,       .6        .7       1.0     1.5      2.0    2.5    3.0    3.5     4.0     5.0     6.0    7.0     8.0     9.0    10.0 


64 
65 
65 
65 
67 

70 

75 

75 

75 
75 
7.5 
80 

80 

80 
85 
85 
85 
9( ) 

90 
90 
90 
90 
92 

95 
95 
97 
98 

.  .       1 

2 

- 

2 
4 
3 

3 
5 

6 
1 

4 
5 

5 
3 

12 

11 

8 

3 

5 

4 

1 
4 
3 

4 
3 
2 

1 
1 

1 
5 
<> 

5 

7 

8 
4 

21 

13 
5 

8 

6 

5 
5 

() 
5 
3 

8 
3 

7 
U 

2 

13 
11 

11 
.5 

36 

23 

13 

8 

8 

7 

11 

9 
2 

12 
4 

11 

17 

28 
17 

15 

61 

38 
10 
22 

11 

12 

9 

16 

12 
9 
6 

17 
5 

15 

25 

3 

25 

19 

9 

70 
14 
36 

15 
3 
16 
12 
20 

16 

12 

8 

3 

15 

3 
23 

23 

39 

4 

38 

24 
11 

18 

18 
4 
22 
15 
30 

21 

15 

9 

10 

30 
10 

38 
61 

5 
16 

61 

30 
13 

25 

23 

30 
19 
42 

27 

19 

11 

4 

4 
39 
14 

6 
30 

41 

18 

33 
6 
50 
25 
76 

40 

25 

15 

6 

6 
60 

9 

11 

15 

9)  Cape 

1 

1 

o 

19     27 

0)   Leiden 

1 
7 

2 

8      10 

o 

.  .      1 

2 
14 

6 
3 
4 

3 

20 

3 

5 
5 
2 
3 

3 
4 
30 
4 
2 

9 
7 
6 

4 

3 

61 
24 

52 
9 

91 
34 

88 
11 

Greenwich 
Madras 

12      3      4 
1 

1 
5 

46 

15 

66     .   . 

Harvard 
1)  Cordoba 
Paris 
Cape 
Melbourne 

.  .      1     ..     2 

1 

.  .     .  .      1     .. 

3 

2 
1 

1 

4       5 

2 

.  .       3 

1 

2 

2 

19     27 

Cape 

1 
1 

2 
2 
3 

2 

3 
4 
3 

38 

57 

91 

Radcliffe 
Cape 

1 

1 

2 

2 

68 
38 
20 

S 

8 

1 

57 
28 
12 

12 

91 
38 
19 

10 

1 

54     78 

4)  Berlin 

36     .  . 

Mt.  Hamilton 
Berlin 

3<;    .  . 

Wien-Ottak. 
J2)  Albany 

1 

2 

3 

1 

4 

XoTK  o.  Umier  Konigsberg  20  are  designated  the  right-ascen- 
sions of  circiniipolar  stars  oibserved  by  Bessel,  and  reduced  by 
AK(iKi,ANDKit,  Volume  VI,  p.  XV,  of  the  Konigsberg  observations. 
These  correspond  to  Besskl's  equinox  of  1815  ;  but  are,  otherwise, 
supposed  to  lie  liomogeneous  with  Bessei.'s  right-ascensions  of 
time  stars  with  the  Heiciiexbach  circle. 

Note  C.  The  corrections  in  right-ascension  for  the  General  Cata- 
logue, Cordoba  IS"'),  apply  to  the  mean  for  the  years,  1S72-1S80, 
inclusive.  The  following  corrections  are  adopted  in  order  to  reduce 
the  riglit-ascensions,  clamp  cast,  to  the  mean.  For  right-ascensions, 
clamp  west,  the  opposite  sign  must  be  employed. 
Corrections,  Ci.amp  East. 


Corr. 


Corr. 


0 

—.006 

—45 

+.029 

—  5 

—.001 

50 

+.030 

10 

+.004 

56 

+.030 

15 

+.009 

60 

+.030 

20 

+.014 

65 

+.030 

25 

+.018 

70 

+.030 

30 

+.023 

(■) 

+.030 

35 

+.027 

80 

+.030 

40 

+.028 

85 

+.030 

The  clamp  was  east  in  1872,  1875.67  to  1877.0,  1878,  1880  to  1884. 

Note  7.  The  values  of  Joj  for  tlie  Cape  Catalogue  for  1880,  are, 
in  part,  treated  by  zones.  Thus  at  — 35'^,  — 15°.  — 55-,  — 65^  and 
— 75°  in  Table  III,  two  values  of  Juj  are  given.  The  uppermost  in 
each  case  pertains  to  the  zone  of  lesser  declination,  the  lowermost 
to  that  of  greater  declination.  The  great  leap  at  — .55^  seems  to  be 
well  established.  Since,  for  nearly  all  the  stars  compared  with  the 
.standard  Catalogue  the  number  of  observations  is  only  three,  tlie 
present  results  for  the  zones  can  only  be  regarded  as  approximate. 

XoTE  8.  The  line  in  Table  IV  referring  to  Bradley,  17.'>5.  .and 
marked  "  N,"  is  applicable  to  declinations  from  Quadrant  North  : 
the  lower  line  to  those  from  (Juadrant  South.  The  curve  of  jSj  for 
BuAiii.EV  is  too  irregular  to  admit  of  accurate  interpolation  from  a 
table  given  for  intervals  of  5°  only.  \  table  for  Bkaiu.ev's  decli- 
nations will  be  found  In  .I.,/.  545.  J.I.  is  applicable  to  the  de»-li- 
nations  formed  (without  the  correction,  "J:  ")  from  zenith-distances: 
JSj  applies  to  declinations  from  the  C^atalogue. 

Note  0.  Tlie  corrections  for  Dorpat  SO  (PDsilionfS  Media)  are 
applicable  to  the  catalogue  declinations  revised  by  the  addition  of 
"Correct/ones  Ultiimi,"  p.  357.  P.M. 
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Note  1(1.  Madras  ;55  refers  to  DowNixo's  new  edition  of  Tay- 
i.ok's  Cataloijue  for  lS3r>. 

NoTK  11.  liaiklilVe  lS4r>.  I'lie  corrections  in  Tables  IV  anil  \' 
correspond  to  the  catalogue  declinations  corrected  for  tlie  quantities 
given  in  the  table,  p.  viii,  of  the  introduction  to  the  Catalogue. 

Note  12.  The  corrections  in  Tables  IV  and  V  for  (?ape  50  are 
very  uncertain,  owinij;  to  the  very  small  number  of  observations  of 
the  principal  stars  containeii  in  the  Catalogue. 

NoTi-;  l:j.  As  might  naturally  be  expected  from  the  long  period 
embraced  in  Vakxai.i/s  Catalogue  there  is  great  imcertainty  in 
J8-.  .     South  of  — 20°  it  is  assinned  to  be  zero. 

Note  14.  The  values  of  J8.  for  Cape  80,  adopted  in  Table  IV, 
are  determined  from  comparison  with  the  Standanl  Catalogue  in 
zones.  The  second  line  applies  to  the  zone  — 2.")°  to  — 35°  ;  the 
third  line  to  — 35°  to  — 45*^  ;  ami  the  fourth  line,  to  all  declinations 
south  of  —45°. 

NoTK  1.").  "  \V.-()lt.  97  "  indicates  (Jhossman's  Catalogue  of 
declinations  observed  at  Von  Kuffner's  Observatory  in  Wien-Ottak- 
ring,  and  publi.siied  in  Ablt.,  Kim.  Si'iclin.  (lex.  dcr  ll'/ss..  Hand 
XXVII,  Leipzig. 

Note  111.  To  the  declinations  of  the  Williamstown  observations 
(Melb.  00)  are  first  apidied  the  corrections  on  account  of  latitude, 
graduation  error,  and  flexure,  contained  in  the  table  at  p.  xxi  of  the 
introduction  to  the  Catalogue  (Melli.  Ohs.,  Vol.  I).  Table  V  refers 
to  the  declinations  thus  corrected. 

Note  17.  The  process  by  which  J8a  for  Madras  1875  was  ob- 
tained assumes  that  a  large  part  of  the  error  of  that  Catalogue  is 
due  to  the  faulty  application  of  division-correction.  Shortly  after 
the  publication  of  that  Catalogue,  1  compared  it  with  the  system  Ba 
( A  in.  Ephem.  18S1-1899)  and  its  southward  extension.  Us  (-1.  J. 448-50). 
This  comparison  not  only  indicated  recurrence  of  systematic  errors 
at  intervals  of  60°,  but  also  that  these  errors  would  have  been  far 
less  striking  if  the  correction  for  error  of  graduation  had  been  ap- 
plied in  the  reductions  with  the  opposite  sign.  The  following 
exhibit  contains,  in  the  first  column,  the  effect  of  division  correction, 
D,  as  adopted  in  the  reductions  for  the  Catalogue  ;  in  the  second 
column,  the  division  correction,  'D^. ,  as  it  results  from  comparison  of 
the  Catalogue  declinations  with  the  Standard  Catalogue :  and  in  the 
third  column  that  part  of  adopted  Jh»  which  is  found  to  recur  at 
intervals  of  60°. 


Analysis  of  Madras  •Declinations  (187.5). 
8        1)  D„         D,  8        D  D„         D, 


(10 

—.35 

+.32 

+.68 

+30 

.22 

+.36 

+.57 

57 

—.16 

+.84 

+.47 

27 

— ^40 

+.19 

+.61 

54 

+.20 

—.13 

— .25 

24 

—.63 

+.15 

+.76 

51 

+.27 

+.01 

— .27 

21 

—.51 

+.31 

+.81 

48 

+.13 

—.02 

-.08 

18 

.22 

+.23 

+.49 

45 

+.01 

—.02 

—.18 

15 

—.07 

+.23 

+.28 

42 

+.03 

—.56 

—.39 

12 

+.08 

+.04 

—.04 

39 

+.27 

+.04 

— .27 

9 

+.31 

—.28 

—.59 

36 

+.20 

—.10 

—.28 

6 

+.11 

—.56 

—.64 

33 

—.05 

+.25 

+.30 

3 

—.29 

—.18 

+.06 

Dc  represents  the  smoothed  discrepancies  which  actually  exist  be- 
tween the  declinations  of  the  Standard  Catalogues,  Bj  and  B,  and 


those  of  Madras  75  ;  D,  +  21J  represents  the  discrejiancies  which 
would  have  existed  if  the  correction  for  graduation  error  had  been 
applied  in  the  reductions  with  the  contrary  sign.  Taking  the  dis- 
crei)ancies  without  regard  to  sign  we  have  : 

i;  [D,]  =  8".02     :     2  [U,+2D]  =  4".()4 

Therefore  the  agreement  with  the  Standard  Catalogue  would  have 
been  twice  as  good  if  the  correction  for  error  of  graduation  had  been 
applied  with  the  opposite  sign.  The  new  system  of  declinations,  H, 
differ.s  so  little  in  1875  from  B/  and  15,  that  I  have  not  thouglit  it 
worth  while  to  repeat  this  investigation. 

The  general  curve  of  JS*  for  Madras  75  has  been  slightly  modified 
in  places  to  (  oiiform  butter  with  the  system,  B. 

.\])(>i'TLi>  Vauies  ok  J8j  loii  Madhas  75. 
8        J8.  8       JS.  8       JS.  8       Jo, 


+80 

+.26 

-f42 

—.45 

+  4 

—.34 

—34 

+0.91 

79 

+.17 

41 

—.49 

3 

.00 

35 

+  .95 

78 

+.07 

40 

—.26 

2 

+.36 

36 

+1.09 

77 

_.01 

39 

— 27 

+  1 

+.46 

37 

+1.24 

76 

_.07 

38 

-.38 

0 

+.06 

38 

+1.23 

75 

_.04 

37 

—.40 

—  1 

+.69 

39 

+  1.16 

74 

_.0(> 

36 

—.36 

2 

+.00 

40 

+1.11 

73 

14 

35 

—.17 

3 

+.48 

41 

+  .99 

72 

_.3I 

34 

+.09 

4 

+.24 

42 

+  .89 

71 

— 47 

33 

+.29 

5 

—.05 

43 

+  .80 

70 

—.64 

32 

+.42 

0 

24 

44 

+  .73 

09 

— 81 

31 

+..50 

7 

—.35 

45 

+  .75 

68 

—.97 

30 

+..54 

s 

—.29 

40 

+  .72 

67 

—.93 

29 

+.56 

9 

-_.19 

47 

+  .64 

60 

— 84 

28 

+..58 

10 

—.09 

48 

+  .46 

65 

-.70 

27 

+.60 

11 

+.01 

49 

+  .30 

()4 

—.45 

26 

+.60 

12 

+.()7 

50 

+  .13 

(>3 

—.00 

25 

+.62 

13 

+  .09 

51 

—  .04 

62 

+.27 

24 

+.76 

14 

+.05 

52 

—  .18 

61 

+.49 

23 

+.92 

15 

+.01 

53 

—  .12 

60 

+.60 

22 

+.92 

16 

—.05 

54 

.00 

59 

+.63 

21 

+.85 

17 

—.11 

55 

+  .10 

58 

+..59 

20 

+.79 

IS 

— .22 

50 

+  -14 

57 

+.41 

19 

+.67 

19 

—.25 

57 

+  .82 

56 

+.16 

IS 

+.55 

20 

—.02 

58 

+  1.21 

55 

—.13 

17 

+.44 

21 

—.02 

59 

+  1.45 

54 

—.34 

16 

+..34 

22 

—.12 

60 

+  1.00 

53 

—.45 

15 

+.33 

23 

—.15 

01 

+  1.7 

52 

—.39 

14 

+.28 

24 

—.10 

62 

+  1.7 

51 

—.31 

13 

+.16 

25 

+  10 

63 

+1.6 

50 

-.23 

12 

—.02 

26 

+.37 

04 

+1.4 

49 

—.15 

11 

— .22 

27 

+.59 

65 

+  1.2 

48 

—.10 

10 

—  41 

28 

+.71 

66 

+  1.1 

47 

—.11 

9 

—.62 

29 

+.81 

67 

+1.2 

46 

—.16 

S 

—.79 

30 

+.86 

68 

+1.4 

45 

-.22 

7 

—.78 

31 

+.89 

69 

+1.7 

44 

— .27 

6 

—.70 

32 

+.91 

—70 

+2.0 

+43 

— ^35 

+  5 

-..58 

—33 

+.93 

Note  18.  As  the  result  of  an  analysis  of  GoiLii's  General  Cata- 
logue made  some  years  ago,  but  not  published,  combined  with  the 
studies  for  the  present  Standard  Catalogue,  we  have  the  following 
table  of  corrections,  which  are  intended  to  serve  as  the  means  for 
reducing  the  declinations  obtained  in  each  position  of  the  circle  to 
the  mean  of  eight  positions,  1872  to  1880.  Having  reduced  the 
declinations  of  separate  years  to  the  mean,  the  corrections  given  in 
Tables  IV  and  T  are  still  to  be  applied.  As  in  the  case  of  Madras 
35,  Cape  50,  Cape  80  and  the  Santiago  catalo.gues,  the  determination 
of  accurate  tables  of  J8,.  and  J8i  for  the  separate  years  of  Gould's 
Catalogue  is  a  problem  for  the  future,  to  be  solved  by  the  use  of  a 
great  number  of  additional  secondary  standards. 
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COKDOBA    75. 


J8,,  to  Reduce  Sepakatb  Yeabs  to 
Catalogue  Mean. 


0 

+.72 

—.09 

—.10 

+.33 

—.29 

—.54 

5 

+.78 

—.10 

—.17 

+.20 

—.32 

—.38 

10 

+.83 

—.11 

—.20 

+.18 

—.38 

—.22 

Vi 

+.8- 

—.14 

—.13 

+.10 

—.44 

—.15 

20 

+.89 

—.17 

—.06 

+.02 

—.49 

—.11 

2o 

+.88 

—.19 

.00 

—.02 

—.52 

—.12 

SO 

+.72 

—.19 

+.01 

+.06 

—.51 

—.14 

35 

+.54 

—.17 

+.01 

+.19 

—.40 

—.18 

40 

+.47 

—.17 

+.01 

+.27 

—.30 

—.24 

45 

+.41 

-.17 

+.06 

+.25 

—.25 

—.32 

50 

+.35 

—.15 

+.13 

+.22 

—.18 

—.38 

.55 

+.28 

—.15 

+-•16 

+.20 

—.13 

—.41 

60 

+.23 

—.13 

+.15 

+.18 

—.07 

—.41 

65 

+.18 

—.11 

+.12 

+.16 

—.04 

—.36 

70 

+.13 

-.09 

+.09 

+.12 

.00 

—.29 

75 

+.10 

—.06 

+.07 

+.09 

.00 

.22 

SO 

+.06 

—.04 

-4-.04 

+.06 

.00 

—.15 

85 

+.03 

-.02 

+.02 

+.03 

.1)0 

—.07 

no 

.00 

.00 

.00 

.00 

.00 

.00 

79 

SO 

—.63 

+..59 

—.62 

+.54 

—.59 

+.48 

—.53 

+.42 

—.43 

+.34 

—.28 

+.28 

—.25 

+.26 

—.23 

+.23 

—.20 

+.19 

—.13 

+.15 

—.04 

+.12 

.00 

+.07 

.00 

+.05 

.00 

+.03 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00  1 

.00 

.00 

TO  KEorcE  Skpakatk  Ykaks  to  Catai.o(;ie  Mean. 


0 

—.02 

+  .00 

+  .14 

—  .16 

—.08 

—.19 

—.01 

+.37 

12 

1 

+.01 

+.05 

+.20 

— .12 

—.09 

—.24 

—.02 

+.30 

13 

2 

+.04 

+.01 

+.24 

—.08 

—.09 

—.28 

—.02 

+.21 

14 

3 

+.06 

—.05 

+.26 

—.03 

—.10 

—.30 

—.03 

+.09 

15 

4 

+.08 

—.09 

+.27 

+.02 

—.09 

—.30 

—.04 

—.02 

16 

.5 

+.10 

—.12 

+.26 

+.08 

—.08 

—.27 

—.03 

—.13 

17 

6 

+.11 

—.15 

+.23 

+.13 

-.06 

—.23 

—.03 

—.23 

18 

7 

+.11 

—.17 

+.19 

+.16 

—.04 

—.17 

—.03 

—.32 

19 

,s 

+.10 

—.18 

+.12 

+.18 

—.02 

—.11 

—.02 

-.40 

20 

9 

+.09 

—.17 

+.06 

+.20 

+.01 

—.03 

—.01 

-.43 

21 

10 

+.07 

—.16 

—.01 

+  .20 

+.03 

+.05 

.00 

-.44 

22 

11 

+.05 

—.13 

—.08 

+.19 

+.06 

+.13 

+.01 

—.42 

23 

12 

+.02 

—.09 

—.14 

+.16 

+.08 

+.19 

+.01 

—.37 

24 

When  the  arg\iment  for  JS^  is  on  the  right,  employ  the  opposite 
sign. 

NciTK  19.  Tlie  weight  in  right-a.scension  of  Bradi.ev  is  com- 
puted on  the  suppo.sition  that  the  equatorial  probable  error  is 
±0".13  sec  8  I  and  the  eircumjiolar  probable  error,  i:O».087  sec  8  (cor- 
responding to  60°  of  declination)  ;  and  that  the  minimum  possible 
probable  error  is  nominally  ±0'.0O87.  Hut  since  there  are  elements 
of  systematic  error  which  it  would  be  difficult  to  determine  (especially 
as  to  J8,„)  it  is  thought  best  not  to  assign  any  weight  exceeding  0.4. 
Between  +30°  and  +60°  the  weiglits  may  be  interpolated.  For 
equatorial  stars  we  have  : 

Obs.  lu 

1  0.025 

2  0.05 

3  0.07 

Note  20.  In  greater  detail  wo  have  for  the  wejght  of  riAzzT.s 
riglit-asccnsions  : 

Obs.  /).  Obs.          IK 

5-7  0.03  j     20-26  0.07 

8-9  0.04  27-34  O.OS 

10-14  0.05  35+  0.1 

15-19  0.06  I 

Note  21.  For  Madras  35,  ninvxiNO'.s  new  edition  of  Tavi.ok's 
Catalogue,  it  has  been  our  i>ractice   to  assign  half  weight  to   the 


catalogue  positions  north  of  +65°  and  south  of  — 30".     There  ap- 
pears to  be  a  relatively  large  number  of  anomalous  residuals. 

Note  22.  The  weights  for  the  right-ascensions  at  Pulkowa,  de- 
termined by  means  of  the  great  transit,  appear  to  be  larger  for  high 
declinations  in  all  the  series  :  and  in  a  greater  ratio,  of  course,  for 
Pulkowa  1845.  In  Table  VI,  the  assumption  is  that  forthe  right-ascen- 
sions of  all  stars  north  of  the  Pulkowa  zenith  the  weights  shall  be  taken 
from  the  line  marked  "  N  "  for  the  Pulkowa  Catalogues  ;  between 
+20^  and  +60°  the  weights  should  be  interjiolated  between  "S,"  as 
for  +20°,  and  "  N,"  as  for  +60°.  The  ilifTerential  weights  for 
Pulkowa  92  appear  to  be  somewhat  larger  than  those  assigned  in  the 
table,  but  it  seemed  best  to  await  more  evidence  before  accepting 
this  larger  weight. 

Note  23.  The  weights  in  right-ascension  for  Cordoba  75  (Goild's 
General  (Catalogue)  correspond  to  a  single  clamp. 

Note  24.  Dr.  AfWEiis  has  pointed  out  that  the  weights  for  the 
stars  used  as  standard  by  Kustner  are  greater  than  for  the  others 
(A.N.,  Hd.  151,  s.  227).  No  distinction  has  been  made  in  the  present 
discussion  ;  though  it  is  undoubtedly  real.  The  lower  grade  of 
weights  has  been  adopted. 

Note  25.  The  weights  for  Albany  in  right-ascension  are  for  a 
single  clamp. 

Note  26.  In  substantial  conformity  with  Table  VII  the  weight 
in  declination  for  Buadley  can  be  computed  from  the  table,  p.  21, 
of  the  introduction  to  the  catalogue  of  Auwerr.  through  multipli- 
cation of  the  numbers  in  that  table  by  0.075  :  but  this  factor  should 
be  very  decidedly  decreased  for  zenith  distances  greater  than  75°. 
For  stars  observed  in  two  positions  of  the  quadrant,  or  both  below 
and  above  pole,  the  adopted  weight  may  be  the  sum  of  the  weights 
for  the  separate  positions. 

Note  27.  For  the  Pulkowa  vertical  circle  the  weights  between 
declinations,  +55°  and  +65°,  where  the  method  of  reversal  is  not 
followed,  should  be  reduced  to  two-thirds  of  the  values  given  in 
Table  VII.  Since  the  probable  error  of  a  single  observation  is  very 
small  the  diminution  of  weight  with  zenith  distance  is  more  rapid. 
The  following  schedule  of  factors  has  been  ado]>ted  : 

8        Factor 


+10 

0.0 

0 

0.6 

—10 

04 

—15 

0.3 

—20 

0.1 

Note  28.  The  number  of  observations  most  frequently  occurring 
in  Pulkowa  1855  is  four.  The  weight  in  declination  corres)>onding 
to  this  is  O.S. 

Note  29.  The  weight  in  declination  for  Cape  65  within  10°  or 
15°  from  the  pole  seems  to  be  decidedly  greater  than  for  zenithal 

stars. 

Note  30.  Weight,  4,  has  been  assigned  to  declinations  taken 
from  the  Leiden  Annals,  Volume  II,  and  weight,  5,  to  the  declina- 
tions of  57  fundamental  stars.  -I.-V.,  Hd  80,  s.  93. 

Note  31.  The  weights  for  the  Cordoba  declinations,  as  given  in 
Table  VII,  refer  to  the  result  for  a  single  position  of  the  circle. 
The  weight  assignable  to  the  declination  deduced  from  a  combina- 
tion of  the  several  positions  is  the  sum  of  the  separate  weights. 

Note  32.  The  weights  in  declination  assigned  to  .\lbany  isus 
are  due  to  one  of  the  four  positions:  Circle  AE.  .-VW.  UK,  B\V. 
The  adopted  weight  is  the  sum  of  these  separate  weight.". 
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OX    THE   APPARENT    EXTENT    OP    THE    H.LUMINATION    SUKK(Jl'Xl)ING    A 
XEW    STAR   ON   THE    HYPOTHESIS   THAT   IT   IS    REFLECTED   LKiHT. 

By  SIMON    NEWCOMH. 

This  equation  imi)lies  tliat  we  take  the  eartli's  mean  dis- 
tance from  the  sun  as  the  unit  of  length.  Taking  also  the 
da}'  as  the  unit  of  time  we  shall  have    c  =  174,    and  the 


Mr.  Ottii  0.  LuvTiES,  of  Baltimore,  has  called  my  atten- 
tion to  a  lack  of  rigor  in  the  method  heretofore  adopte<l  of 
estimating  the  apparent  magnitude  of  the  illuminated 
nebula  surrounding  a  new  star,  on  the  supposition  that  it 
shines  by  reflecting  the  light  of  the  star.  The  method  as 
hitherto  applied  rests  on  the  supposition  that  the  apiparent 
radius  of  illumination  at  any  moment,  is  determined  by  a 
tange&t  drawn  from  the  earth  to  the  surface  of  the  sphere 
of  ilhimination.  The  fault  consists  in  leaving  out  of  con- 
sideration the  fact  that  the  light  seut  out  by  the  star  in 
directions  near  that  of  the  earth  will  reach  us  at  an  earlier 
moment  than  it  will  if  sent  out  at  right-angles  to  that 
direction.  The  rigorous  method  of  treatment  is  this : 
Let  5  be  the  position  of  the  star,  E  that  of  the  earth,  and 
jP  that  of  a  particle  in  the  neighborhood  of  the  star.  Put 
p,  the  distance  SP  of  the  nebulous  particle  from  the  star. 
6,  the  angle  £SP  made  by  the  direction  of  the  ray  with 

that  of  the  earth. 
T,  the  interval  between  the  time  at  which  outburst  of  star 

is  seen  from  the  earth,  and  time  of  observation. 
(',  the  speed  of  light. 
T.  the  parallax  of  the  star. 
u,  the  angular  radius  of  illumination,  as  seen  from  earth. 

We  shall  proceed  on  the  supposition  that  the  outburst 
was  a  momentary  one,  which  immediately  subsided.  Then, 
at  the  time  t  after  the  outburst  is  seen,  the  reflected  light 
visible  from  the  earth  will  be  that  from  all  the  particles 
which  fulfil  the  condition  : 
(1)  EP  +  PS-  ES  =  >-T 

Owing  to  the  minuteness  of  the  ratio  PS  to  EP  and 
ES  we  may  treat  the  lines  EP  and  ES  as  parallel,  so  that 
ES  -  EP  =  p  cos  e 

The  equation  (1)  therefore  gives  us     p(l— cos^j  =  vt, 


'J 


or.  if  we  express  o-  and 


tan  k  6 
in  seconds  of  arc. 

t'TTT 

^  tanp 


(2)  '''  P  =  27u?P 

which  is  the  equation  of  the  required  surface. 

The  apparent  radius  of  the  surface,  as  projected  upon 
the  sphere,  will  be 

cr  =  p  sin  0  sin  tt  = 


radius  of  the  ajiparent  illumination  will  become 

1  74  TT- 

"  =  i^^e  ^-'> 

This  value  increases  indefinitely  with  smaller  value.s  of  6. 
There  is,  therefore,  no  well-defined  limit  to  the  apparent 
radius  of  illumination.  The  practical  limit  will  dejiend  on 
the  distance  to  which  the  nebula  extends  in  the  direction 
of  the  earth,  arid  upon  its  density.  If  we  put  a  for  this 
distance,  or  for  the  maximum  value  of  p,  the  minimum 
value  of  0  will  be  given  by  the  equation  (2)  in  the  form 

2s\uHe  =  '-  (4) 

(I 

liy  substituting  this  expression  in  (o)  we  have  for  the 
liniitized  value  of  <r 

6t  =   \/2^i^     •  TT     cos^e  (5) 

It  will  be  seen  that  the  visible  extent  of  the  illumination 
at  any  moment  is  in  form  a  function  of  two  completely  un- 
known quantities,  a  and  n.  In  addition  to  this  we  have 
another  unknown  element  in  the  distance  at  which  the 
light  would  cease  to  affect  the  photographic  plate,  owing 
to  the  faintness  of  the  reflection.  I  conceive  that  it  would 
be  unprofitable  to  make  hypotheses  as  to  the  magnitudes 
of  these  uncertain  quantities. 

The  tacit  assumption  on  which  Kaptevx  based  his  esti- 
mate is  that  of  ^  =  90°.  Then,  a  being  determined  from 
the  Lick  photographs,  the  value  of  w  was  derived.  His 
result  was  0".02.  I  regard  so  large  a  parallax  as  this  as 
altogether  without  the  bounds  of  reasonable  probability, 
believing  that  ir  is  more  likely  to  be  less  than  one-tenth  of 
this  quantity  than  greater.  Assuming  it  as  great  as  one- 
tenth,  the  illumination  would  have  had  to  expand  with 
ten  times  the  speed  of  light  in  order  to  make  its  apparent 
speed  that  seen  on  the  Lick  photographs.  The  enigma  in- 
volved in  this  conclusion  seems  to  be  solved  by  the  con- 
siderations just  set  forth.  The  principal  difficult}-  which 
is  still  left  is  the  faintness  of  the  reflection  at  the  great 
distances  from  the  star  at  which  the  reflecting  particles 
must  have  been  found.  The  more  likely  hypothesis  seems 
to  be  that  we  have  to  do  with  corpuscles  thrown  out  from 
the  star  with,  a  speed  approximating  to  that  of  light. 
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ON   THE   LK^HT-YARIAT 

Bv  PAUL  S. 

Tlie  annouiu'eiiieiit  of  the  variability  of  U  Cephei,  by 
Ceuaski,  in  ISSO  (.l.^V.,  Vol.  97,  s.  319),  attracted  much 
atteiitiou  among  the  observers  of  variable  stars,  it  being 
the  first  of  its  type,  of  which  at  that  time  but  five  were 
known,  that  had  been  found  since  Winnecke's  discovery 
of  U  Coronne  in  1869. 

Many  observers  at  once  turned  their  attention  to  the 
star.  Glasenapp,  Wilsing,  Knott,  Schmidt,  Pickering, 
the  Baxendells,  father  and  son,  published  numerous  ob- 
servations during  the  early  years. 

Although  the  main  peculiarity  of  its  light-curve  was  at 
once  noticed,  the  work  of  these  observers  was  for  the  most 
part  directed  to  the  investigation  of  the  star's  elements  of 
variation,  rather  than  to  the  course  and  character  of  its 
light-changes.  Knott's  numerous  observations,  extending 
from  the  time  of  the  star's  discovery  until  1889,  are  mostly 
confined  to  the  three  hours  on  either  side  of  the  minimum, 
and  very  few  of  them  were  made  during  the  time  of  the 
star's  normal  brightness. 

The  earliest  mean  light-curve  which  is  known  to  me  is 
by  Pickering,  and  was  formed  from  about  three  hundred 
photometric  observations  made  at  the  Harvard  Observa- 
tory. It  was  published  in  1881,  in  the  Proceedings  of  the 
American  Academy  of  Arts  and  Sciences,  Vol.  XVI.  A 
discussion  of  the  star  variations,  including  a  mean  light- 
curve,  was  published  by  Wilsing  in  1884  (^A.N.,  2596). 
In  1889,  Chandler  {A.J.,  Vol.  IX,  p.  49),  published  a  dis- 
cussion of  the  star's  elements  of  variation,  with  "Spring" 
and  "Autumn"  light-curves,  showing  the  course  of  the 
light-changes,  with  a  comparison  of  the  same  with  the 
above  mentioned  curves  of  Wilsing  and  Pickering.  Since 
the  date  of  Chandler's  paper,  the  only  mean  light-curve 
of  U  Cephei  that  has  come  to  my  knowledge  is  one  by 
BoiiLiN,  of  Upsala,  from  observations  made  in  1896,  and 
published  in  the  A.N.,  3762. 

I  began  work  on  U  Cephei  in  1S88,  and  since  that  time 
no  year  has  passed  without  my  securing  more  or  less  obser- 
vations of  it,  although  there  have  been  several  years 
during  which  1  have  observed  no  mininmni. 


IONS   OF  320    U  CEPHEI, 

YENDELL. 

I        Early  in  the  nineties  I  began  to  observe  the  star  with  a 
I    view  to  the  accumulation  of  material  for   a  mean  light- 
curve  of  a  more  or  less  definitive  character,  setting  my 
minimum  number  at  a  thousand  observations,  and  keeping 
in  view  the  purpose  of  securing  as  nearly  as  possible  as 
many  of  the  Spring  as  of  the  Autumn  curve.     The  latter 
aim,  however,  has  not  been  accomplislied,  mostly  from  con- 
[   ditions  dependent  on  the  weather,  and  when  in  1902  the 
desired    number   of   observations   had   been   secured,  the 
j   Autumn  observations  were   so  far   in    the  majority  that 
I   when   the  list  was  closed  only  about  one-fourth  of  the 
'   whole  nun  ber  of  observations  represented  the  Spring  curve. 
In  the  Spring  of  1902  I  began  to  collect  material  from 
other  observers,  with  the  idea  of  forming  a  general  mean 
curve  from  as  many  different  series  of  observations  as  I 
could  get  together.     I  already  had  the  published  work  of 
Knott.     Baxendell  kindly  sent  me  in  manuscript  his 
own  and  his  father's  observations.     Chandler,  Plassman, 
Sperra  and  Schwa n  all   transmitted  theirs,  so  that,  in- 
cluding my  own  material,   I    had  nearly  three  thousand 
observations  available  for  my  purpose. 

Upon  further  consideration  of  this  plan,  the  probability 
suggested  itself  that  the  personal  differences  in  the  work 
of  the  various  observers  would  be  likely  so  far  to  affect  the 
general  result  as  to  detract  largely  from  its  value ;  and  after 
carefully  weighing  the  matter,  1  abandoned  the  idea,  and 
each  observer's  work  has  been  treated  by  itself.  Each 
series,  including  my  own,  was  divided  into  convenient 
groups  in  the  order  of  time,  and  separate  mean  curves 
made  from  the  various  groups,  giving  a  sequence  of 
curves,  representing  as  many  mean  epoclis,  from  ISSQ  till 
1903.  It  was  thought  that  in  this  way,  auy  progressive 
change  in  the  course  of  the  light-variations  might  be 
brought  out. 

At  the  outset,  I  intended  to  make  use  of  the  Harvard 
Photometrj'  scale  of  magnitudes,  as  being  the  only  one 
available  for  stars  of  all  the  magnitudes  included  in  the 
light-range  of  the  variable.  Magnitudes  for  the  comparison- 
stars  used  were  kiiuilj-  furnished  for  the  purpose  by  Prof. 
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Pickering.  But  the  values  for  the  stars  /;  and  d  were 
discordant  with  their  relative  values,  according  to  both  my 
own  and  Knott's  light-scales,  and  after  reducing  a  number 
of  observations,  I  found  that  the  form  of  the  light-curve 
near  the  minimum  was  seriously  distorted  by  this  dis- 
crepancy. Light-scales  were  then  formed  from  the  other 
series  of  observations,  and  with  one  exception  the  same 
discordance  was  found  to  exist  in  each  case.  The  use  of 
the  Harvard  magnitudes  was  thereupon  abandoned. 

It  so  happened,  however,  that  very  shortly  after  the 
reductions  had  been  discontinued  for  this  reason,  and  when 
1  had^Qilmost  decided  to  make  use  of  the  provisional  mag- 
nitude scale  formed  from  my  own  step-scale,  which  1  had 
previously  used.  Dr.  Mi'llek,  of  the  Potsdam  Astrophysi- 
cal  Observatory,  most  kindly  offered  to  make  photometric 
measures  of  these  comparison-stars  for  the  purpose  of  this 
work,  which  offer  I  very  thankfully  accepted.  His  results, 
coming  to  hand  in  August,  1902,  proved  to  be  accordant  in 
relative  values  with  all  the  light-scales  excepting  the  one 
already  alluded  to,  so  that  simple  relations  between  them 
were  readily  established,  and  the  work  was  resumed.  The 
subjoined  table  includes  the  comparison-stars  used  in  all 
the  series  under  consideration.  The  first  column  gives  the 
letters  by  which  they  are  designated  ;  the  second  their 
DM.  numbers  ;  the  third,  headed  HP.,  the  Harvard  Pho- 
tometry magnitudes;  and  the  fourth,  headed  P,  the  Potsdam 
measurements. 


DM. 

HP 

1" 

k 

SI  13 

6.40 

6..")S 

e 

18 

7.54 

7.43 

f 

30 

7.89 

8.04 

P 

80  34 

7.72 

7.76 

m 

81  34 

8.56 

8.52 

<J 

81  27 

8.46 

8.53 

h 

29 

8.58 

8.57 

a 

SO  21 

8.82 

8.93 

h 

22 

9.42 

9.17 

d 

81  22 

9.00 

9.29 

c 

80  83 

- 

9.44 

The  elements  on  which  the  present  curves  were  based 
were  suggested  by  Chandler.  They  satisfy  the  whole  of 
the  observations  at  my  disposal,  at  least  as  well  as  any 
yet  proposed.  The  elements  of  1897  had  ceased  to  repre- 
sent the  star's  variations  ;  the  departure  from  them  began 
about  1894,  and  has  gone  on  increasing,  until  in  the  autumn 
of  1902  the  minima  were  nearly  three  hours  late  by  them. 
(Ree  also  Haktwig's  VJS  Ephemerides,  for  1902,  p.  269, 
and  1903,  p.  285). 

It  was  therefore  necessary  to  find  elements  which  would 
fairly  represent  the  observed  dates,  and  the  following  sug- 
gested as  above,  satisfy  the  list  of  minima  hereinafter  to 
be  given  with  an  average  departure  of  about  eight  minutes, 
the  algebraic  mean  of  the  0  — C  being  — 0"'.48,  correspond- 
ing to  Epoch  1533. 


Chandleu's  Ei.emknts. 
1880  June  23''  7"  43"-.5  G.M.T.  +2>'  11"  49"'  44- 


E 


In  forming  the  curves,  the  first  question  which  presented 
itself,  was  the  division  of  the  observations  for  the  Spring 
and  Autumn  curves,  as  done  by  Wilsing  and  Ciiandlek, 
and  which  is  necessary  in  any  discussion  of  observations 
of  this  star  made  by  the  Akgelandek  method. 

As  the  difference  between  the  two  curves  is  undoubtedly 
the  result  of  subjective  causes,  due  to  the  varying  presen- 
tation of  the  group  formed  by  the  star  and  its  comparison- 
stars  at  different  hour-angles,  it  appears  that  the  dividing 
line  should  be  drawn  at  the  angle  at  which  these  dis- 
turbances disappear.  The  principal  comparison-stars  are 
assembled  in  two  definite  groups,  the  brighter  ones  north 
preceding  the  star,  and  the  fainter  ones  south  following  it, 
and  a  line  drawn  through  the  approximate  centers  of  these 
groups,  and  passing  very  near  the  variable,  becomes  hori- 
zontal and  parallel  to  the  normal  position  of  the  axis  of 
the  eyes  at  hour-angles  2''  24"'  west  and  9"  36"'  east.  The 
line  joining  these  hour-angles  was  accordingly  taken  as  the 
critical  line,  and  all  observations  taken  at  angles  east  of  it 
■were  used  in  forming  the  East  or  Autumn  curve,  and  all 
taken  west  of  it  for  the  West  or  Spring  curve. 

The  observations  of  each  observer  having  been  divided, 
as  mentioned  above,  into  convenient  groups  in  the  order  of 
time,  mean  curves  were  formed  from  the  several  groups, 
the  normals  for  these  curves  being  generally  formed  from 
five  observations  each,  excepting  in  the  more  sparsely  ob- 
served times  at  the  beginning  and  end  of  the  period  of 
change  ;  in  my  own  group  for  1898-1902,  the  observations 
being  numerous,  the  normals  were  formed  from  ten  obser- 
vations each. 

The  observations  of  the  late  Mr.  Knott  were  published 
in  book  form  in  1899,  under  the  editing  of  Prof.  Turner 
of  Oxford.  I  am  indebted  to  the  kindness  of  Mrs.  Knott 
for  a  copy  of  the  volume.  Knott's  observations  of  V  Cephei 
occupy  thirty-three  pages  of  the  book,  twenty-six  of  which 
are  filled  by  the  observations  themselves,  which  extend 
from  1880  to  1897,  with  a  few  observations  on  a  single 
date  in  1889.  There  are  in  all  about  850  observations,  of 
which  about  660  are  available  for  my  purpose,  being  made 
by  the  Argelander  method,  so  that  they  can  be  reduced 
homogeneously  with  the  work  of  the  other  observers.  The 
remaining  observations  are  noted  as  "  gauged,"  the  gaug- 
ing having  been  done  as  a  check,  \)\  the  method  of  limiting 
apertures.     The  observations  were  grouped  as  follows: 

.Spring  Autumn 

1880^81               116  136 

1882-83             208  61 

1884-87              367  20  (no  curve) 

The  observations  in  1889  were  only  ten  in  number,  and 
have  been  groujjed  with  those  of  1884-87. 
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The  readings  from  these  curves  are  given  in  Table  I. 

The  observations  of  the  Baxendells,  senior  and  junior, 
were  kindly  forwarded  to  me  in  manuscript  by  the  latter. 
The  resulting  magnitudes  only  are  given,  but  as  the  com- 
parison-stars employed  were  the  same  as  those  used  by 
Knott,  and  as  the  latter  gives  Baxexdell's  estimated 
magnitudes  for  the  purpose  of  comparison,  they  were  easily 
reduced  to  the  Potsdam  scale  by  graphic  process. 

The  observations  of  Baxexdell,  Sr.,  are  174  in  number, 
extending  from  1880  to  1887,  and  are  distributed  as  fol- 
lows :  Autumn  89,  Spring  85. 

The  readings  from  the  mean  curves  are  in  Table  II. 

The  younger  Baxexdell's  observations  cover  a  space 
from  1884  to  1887,  and  number  117,  all  except  25  belong- 
ing to  the  Spring  curve,  The  Autumn  curve  being  a 
single  curve,  is  omitted. 

The  readings  are  in  Table  II. 

Sperka's  observations  were  transmitted  in  manuscript. 
There  are  about  180  of  them,  of  which  about  one-third  are 
of  the  star  at  its  normal  light,  the  rest  divided  between  the 
Spring  and  Autumn  curves.  His  mean  value  for  the  nor- 
mal light  is  6". 94. 

The  readings  from  the  mean  curves  are  contained  in 
Table  III. 

Chaxdler's  observations,  to  the  number  of  215,  were 
handed  to  me  also  in  manuscript.  They  were  made  in 
1887  and  1888.  There  are  56  which  belong  to  the  Spring 
curve,  and  153  to  the  Autumn;  the  remainder  are  at  the 
normal  light,  and  give  a  mean  value  of  7". 21. 

The  readings  are  given  in  Table  IV. 

The  observations  of  Plassmaxx  have  been  sent  to  me 
partly  in  pamphlet  form,  and  partly  in  manuscript,  by 
himself.  They  are  about  three  hundred  in  number,  and 
form  two  groups,  one  in  1894,  and  the  other  in  1901-02. 
Those  of  1894  all  belong  to  the  Spring  curve,  while  those 
of  1901-02  are  divided  between  the  two. 

The  readings  are  given  in  Table  V. 

Schwab's  observations  were  also  forwarded  in  manu- 
script. There  are  in  all  about  250  of  them,  of  which  about 
50  are  of  the  star  at  its  normal  light,  and  the  rest  divided 
pretty  evenly  between  the  Spring  and  Autumn  curves,  of 
neither  of  which,  however,  are  both  branches  represented. 
The  observations  cover  a  period  from  December,  1900,  to  No- 
vember, 1902.    His  mean  value  for  the  normal  light  is  (>".9t). 

The  readings  are  given  in  Table  VI. 

My  own  observations  of  the  star  were  begun  ISSS  May 
16,  and  when  on  1902  Oct.  21,  the  series  for  that  year  came 
to  a  close,  I  found  the  total  number  since  the  beginning  to 
be  1175.  Twenty-three  of  these,  depending  on  comparisons 
with  the  stars  ?>i  and  ji,  whose  values  on  mj-  light-scale 
were  discordant  with  the  photometric  magnitudes,  were 
rejected.  Of  the  1152  remaining  available,  866  belonged 
to  the  East  or  Autumn   curve,  and  28G  to  the  West  or 


Spring  curve.  Of  these,  103  were  observations  of  the  star 
at  its  normal  brightness,  made  for  the  purpose  of  ascer- 
taining whether  the  light  at  this  phase  were  constant. 
Eighty-five  were  in  East  hour-angle,  belonging  to  the 
Autumn  curve,  and  18  were  of  the  West  or  Spring  group ; 
it  was  found,  however,  that  there  was  no  sensible  differ- 
ence between  the  normals  formed  from  the  two  groups. 

The  comparison-stars  and  light-scale  used  were  as  fol- 
lows :  the  first  column  gives  the  notation  used  ;  the  second, 
headed  DM.,  their  Durchmusterung  numbers ;  the  third, 
P,  their  Potsdam  magnitudes ;  and  the  fourth,  Lt.,  my  own 
step-scale,  formed  from  all  my  observations  to  1900  July  4, 
which  was  retained  in  the  reductions,  as  in  my  judgement 
the  later  observations  would  not  have  sensibly  changed  it. 
DM  P  Lt. 

k         81  13         6.58         31.9 
e  18         7.43         24.4 

/  30         8.04         19.3 

-7  27         8.53         14.8 

/(  29         8.57         14.0 

a         80  21         8.93  9.2 

b  22         9.17  4.9 

d         81  22         9.29  1.9 

c  80  23         9.44  0.0 

Bj-  this  light-scale,  the  value  of  a  step  is  0''.114  from  A- 
to  g,  and  0''.062  from  g  to  r,  being  nearly  twice  as  great 
among  the  brighter  stars  as  among  the  fainter  ones,  but 
pretty  constant  in  each  group. 

The  observations  were  divided  into  four  grouj'S  in  the 
order  of  time,  and  each  group  subdivided  into  the  West 
(Spring)  and  the  East  (Autumn)  groups,  as  follows : 
Spring        Autumn 
1888-1890  15  obs       98  obs. 

1891-1894         177  339 

1895-1898  30  189 

1899-1902         122  400 

The  observations  of  the  Spring  curve  for  the  groups 
1888-1890  and  1895-1898  were  so  few,  that  no  use  was 
made  of  them  excepting  in  the  general  mean  curves. 

The  observations  were  assembled  in  groups  of  five,  ex- 
cepting in  the  Autumn  group  of  1899-1902.  where,  being 
numerous,  they  were  grouped  in  tens. 

The  reatlings  for  these  curves  are  given  in  Table  VII. 
In  forming  the  general  mean  curve,  781  observations 
were  found  available  for  the  Autumn  curve,  and  for  the 
Spring,  268.  At  the  normal  light,  there  were,  as  men- 
tioned above,  85  observations  in  East  hour-angle,  and  IS 
in  West,  in  all  103 ;  23  normals  were  formed  from  these. 

In  forming  the  normals  for  the  Autumn  curve  as  far  as 
practicable  20  observations  were  used  for  each  normal,  so  as 
to  give  nearly  equal  weights,  but  at  the  beginning  and  end 
of  the  period  of  change,  the  observations  were  less  numer- 
ous, and  the  normals  are  therefore  formed  from  smaller 
groups.  The  corresponding  normals  in  the  Spring  table 
were  formed  from  10  observations  each. 
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Table  VIII  contains  these  normals.  The  column  T—t 
gives  the  interval  from  the  computed  time  of  minimum ; 
M  the  magnitude ;  Obs.  the  number  of  observations  which 
make  up  each  normal;  and  v  the  departure  of  each  normal 
from  the  curve  as  drawn. 

The  last  15  normals  in  the  Autumn  table,  and  the  last 
8  in  the  Spring  one  fall  in  the  time  of  the  star's  normal 
brightness.  They  give  no  indication  of  any  real  fluctu- 
ation in  brightness  during  that  part  of  the  period,  the 
average  departure  from  a  mean  of  7". 09  being  0".03,  and 
the  probable  error  of  a  single  normal  ±0".02,  the  residuals 
being  pretty  impartially  distributed  over  the  whole  forty- 
eight  hours  of  this  portion  of  the  star's  period. 

The  mean  minimum  light  shown  is  9". 18  for  the  Autumn 
curve,  and  9". 06  for  the  Spring  curve.  Neither  .curve 
shows  any  correction  to  the  time  of  minimum. 

The  readings  from  the  general  mean  curves  are  given  in 
Table  IX. 

The  duration  of  the  light-changes  shown  by  these  curves 
is  longer  than  it  has  hitherto  been  stated.  It  is  from 
_5h  4()ra  (;q  -i-gh  4Qro^  occupyiug  therefore  11  hours  and  20 
minutes.  These  limits  are  well-defined  in  the  Autumn 
curve,  but  the  beginning  of  the  Spring  curve  is  less  satis- 
factory, being  much  distorted  to  about  —2''  30'".  With 
this  exception,  the  difference  between  the  two  curves  are: 
the  general  comparative  flatness  of  the  Spring  curve,  its 
brighter  minimum,  and  its  greater  asymmetry,  as  compared 
with  the  Autumn  curve. 

The  latter  is  so  far  the  more  fully  observed  and  better 
made  out  curve,  made  from  observations  taken  at  far  the 
more  favorable  season  of  the  year,  and  the  precautions 
taken  to  avoid  subjective  errors  have  been  so  unremitting, 
that  it  seems  to  me  to  be  probably  a  very  good  approxi- 
mation to  the  star's  real  light-curve.  Its  departures  from 
actual  symmetry  are  very  slight  up  to  7". 5,  and  at  9". 00, 
8". 65,  and  7". 73  they  disappear. 

Assuming  the  curve  to  be  symmetrized  by  averaging  the 
values  of  each  pair  of  readings,  the  probable  error  of  one 
of  these  readings  is  ±0".025,  while  their  mean  departure 
from  the  symmetrized  curve  is  0>'.027. 

Assuming  again  that  the  minimum  light  is  constant  from 
—  l*"  to  +1'",  the  probable  error  of  one  of  the  nine  normals 
is  ±0".018,  while  their  mean  departure  from  their  mean 
value  is,  as  in  the  other  part  of  the  curve  examined,  0".027. 

The  impression  remaining  on  my  mind  after  fifteen 
years'  constant  and  careful  study  of  the  star,  is  that  the 
course  of  the  light-changes  is  really  that  which  would 
result  from  an  annular  eclipse  ;  a  symmetrical  curve,  with 
inflection  increasing  with  its  proximity  to  the  minimum, 
and  an  interval  of  constant  minimum  light,  central  at  the 
moment  of  minimum. 

In  these  series  of  observations  there  is  no  evidence  of 
any  progressive  change  in  th.e  star's  light-curve.  My  own 
series  is  the  only  one  of  those  examined  in  which  there  is 
any  approach  to  sufiicient  observation  of  the  beginning  and 


end  of  the  period  occupied  by  the  star's  light-changes  to 
furnish  any  evidence  as  to  i)ossible  change  in  its  length, 
and  in  this  series  these  jioints  are  not  made  out  with 
enougli  precision  to  givean^-  valuable  indications  in  either 
direction.  Examination  and  comparison  of  the  times  at 
which  8". 00,  at  which  point  the  more  rapid  change  is  well 
under  way,  is  passed  on  the  decrease  and  increase  show 
very  considerable  differences  in  the  curves  of  different 
observers,  but  no  evidence  of  progressive  change. 

The  difference  between  the  Spring  and  Autumn  values 
of  the  observed  minimum  light  varies  all  the  way  from 
almost  nothing  to  fully  four  tenths  of  a  magnitude.  And 
whereas  in  all  but  one  of  the  other  series  the  Spring  curves 
show  the  fainter  minima,  in  my  own  and  Schwab's  the 
reverse  is  the  case,  pointing  strongly  to  the  subjective 
nature  of  the  difference.  This  curious  discrepancy  is 
possibly  due  to  the  use  of  different  comjiarison-stars  at  the 
minimum  phase,  and  perhaps  also  to  the  fact  that,  especi- 
ally of  later  years,  I  have  been  very  solicitous  to  eliminate 
the  hour-angle  disturbance  from  my  observations  as  far  as 
possible.  To  this  practice  also  I  ascribe  the  fact  that  in 
my  last  four  years'  group  the  difference  in  the  two  curves 
at  the  minimum  is  very  slight,  though  the  Spring  curve  is 
much  the  flatter  on  both  sides  of  the  minimum.  In  the 
earliest  of  my  own  curves  the  similarity  to  Schoenfeld's 
curve  of  S  Cancri,  in  the  rise  from  an  hour  before  the 
minimum  point  to  an  hour  after  is  very  marked.  This 
entirely  disappears  in  the  next  group  (1891-1894),  and 
does  not  reappear  later.  I  suspect  it  to  be  due  to  the  in- 
fluence of  a  knowledge  of  Chandler's  1889  curve  to  which 
reference  has  already  been  made,  which  has  this  peculiarity 
strongly  marked,  and  whose  authority  could  hardly  fail  to 
influence  an  observer  new  to  the  work,  when  in  doubt  be- 
tween two  estimates.  This  may  or  may  not  have  been  the 
case,  but  with  the  gain  in  experience  and  confidence  the 
phenomenon  vanishes  from  my  results. 

A  comparison  of  the  minimum  brightness  found  by  the 
various  observers  gives  some  apparent  sign  of  change.  Of 
these  series,  Knott's  indicates  a  slow  decrease  of  the  mini- 
mum light ;  the  others,  to  Sperka's  in  1894-1897,  show  a 
small  increase;  Plassmanx's  and  Schwab's  are  discordant ; 
my  own  from  1891  to  1902  show  an  increase  of  0".20  in 
the  Autumn  curves,  which  is  offset  bj'  the  constancy  of  the 
Spring  ones,  the  mean  of  both  being  about  0".09.  The 
means  of  Knott's  and  my  own  series  indicate  an  increase 
of  about  a  tenth  of  a  magnitude,  and  this  is  also  the  gen- 
eral drift  of  all  the  groups. 

This  change,  if  real,  is  very  slow,  and  can  only  be  veri- 
fied by  long  observation. 

Table  X  shows  the  ninety-six  minima  deduced  from  the 
several  series  by  the  method  of  equal  brightnesses.  In 
the  last  column,  headed  Obs.,  the  letters  signify  :  K,  Knott  ; 
B,  Baxendell,  Sr.  ;  b,  Baxendell,  Jr.  ;  C,  Chandler  ; 
Y,  Yendell  ;  S,  Sperra  ;  P,  Plassmann  ;  and  Sch.,  Schwab. 

The  weights  in  the  table  are  on  a  scale  of  five. 


N"-  551 


THE     ASTRONOMICAL     JOURNAL. 


21< 


Time 

from 

Miniiuiini 

-3 

40 

20 

3 

0 

2 

40 

20 

o 

0 

1 

40 

20 

1 

0 

0 

40 

-0 

20 

0 

0 

+  0 

20 

40 

1 

0 

20 

40 

2 

0 

20 

+  2 

40 

Taulb  I.     Knott. 


1S80-18S1 
Spring  Aut'n 


1882-1883      1884-1887 
Spring  Aut'n      Spring 


7.70 
7.90 
8.13 
8.40 
8.G9 
9.08 
9.31 
9.33 
9.33 
9.32 
9.30 
9.30 
9.20 
8.65 
8.33 
8.10 
7.92 


8.10 
8.37 
8.67 
8.86 
8.95 
9.00 
9.03 
9.06 
9.04 
9.00 
8.95 
8.86 
8.62 
8.29 
8.04 
7.90 


7.44 
7.56 
7.68 
7.81 
7.95 
8.09 
8.34 
8.74 
9.29 
9.35 
9.34 
9.34 
9.34 
9.34 
9.33 
9.31 
8.70 
8.20 


Table  IL 

BAXENDELr.,  SK. 


Time  from 
Minimum 

-2"  40" 

20 

2     0 

1  40 

20 

1     0 

0  40 
20 

-0     0 

+  0  20 

40 

1  0 
20 
40 

2  0 
20 

+  2  40 


1880-1887 
Spring  Aut'n 

."  .  7!!'87 
.  .  8.09 
8.31 


8.28 
8.50 
8.80 
9.13 
9.16 
9.18 
9.19 
9.16 
9.14 
9.11 
8.94 
8.87 


8.82 
9.02 
9.12 
9.14 
9.12 
9.10 
9.07 
9.04 
8.99 
8.63 
8.35 
8.16 
8.00 


8.26 
8.50 
8.74 
8.99 
9.06 
9.08 
9.08 
9.08 
9.05 
8.95 
8.73 
8.50 
8.28 
8.09 
7.94 


7.59 
7.69 
7.79 
7.92 
8.08 
8.28 
8.54 
8.98 
9.20 
9.28 
9.31 
9.34 
9.35 
9.35 
9.33 
9.26 
8.78 
8.14 
7.89 


Baxendeli.,  Ju. 

1884-1887 
Spring 

7^97 
8.13 
8.31 
8.53 
8.90 
9.19 
9.20 
9.20 
9.19 
9.18 
9.17 
9.13 
9.00 
8.58 


Taiu.e  III.     Spekka. 


Time  from  1804- 

Minimum  Spring 

ll         111  u 

-4  40 

20  .    . 
4     0 
3  40 

20  .    . 
3     0 

2  40  7.91 

20  8.24 

2     0  8.55 

1  40  8.83 

20  8.99 

1     0  9.07 

0  40  9.10 

-0  20  9.11 


1897 
Aut'n 


Time  from 
Minimum 


7.14 

0     0 

7.26 

+  0  20 

7.38 

40 

7.50 

1     0 

7.63 

20 

7.78 

40 

7.96 

2     0 

8.18 

20 

8.50 

40 

8.89 

3     0 

9.08 

20 

9.10 

40 

9.10 

4     0 

9.(i,S 

+  4  20 

1894- 
Spring 

M 

9.10 
9.08 
9.03 
8.90 
8.62 
8.35 
8.10 
7.89 
7.71 
7.54 
7.36 
7.19 


1897 
Aut'n 

9.06 
9.03 
9.00 
8.95 
8.87 
8.76 
8.61 
8.47 
S.,'!3 
8.14 
7.94 
7.74 
7.53 
7..30 


Table  III.  — (Cont.) 


Normal 

Light. 

1 
+  12 

S"'       6!'92 

+  4l" 

3 

6.92 

12 

28         6.86 

42 

16 

6.87 

18 

31         6.95 

43 

31 

6.90 

19 

11         6.89 

44 

20 

6.89 

27 

7         6.88 

47 

26 

6.90 

27 

18         6.92 

49 

32 

6.96 

33 

46         6.96 

51 

22 

6.99 

39 

7         6.87 

+  54 

12 

7.12 

+  40 

8         6.89 

Table  IV. 

Chaxdlek. 

Tim( 

from 

1887-1888 

Time  from 

1887 

-1888 

Minimum 

Spring  Aut'n 

Minimum 

Spring  Aut'n 

t 
-4 

20 

."  .        7.54 

b       III 

-0  20 

9109 

9.03 

4 

0 

.    .      7.57 

0     0 

9.07 

9.02 

3 

40 

7.64     7.61 

+  0  20 

9.06 

9.01 

20 

7.73     7.67 

40 

9.05 

9.00 

3 

0 

7.84     7.77 

1     0 

9.01 

8.96 

2 

40 

7.97     7.91 

1  20 

8.89 

8.70 

20 

8.15     8.00 

40 

8.63 

8.42 

2 

0 

8.39     8.23 

2     0 

8.38 

8.20 

1 

40 

8.74     8.41 

2  20 

8.15 

8.02 

20 

8.98     8.75 

40 

7.90 

7.84 

1 

0 

9.07     8.99 

3     0 

7.81 

-0 

40 

9.09     9.04 

+  3  20 

7.69 

Table  V. 

1'lassmanx. 

rime  from         1894             1901- 

1902 

Minimum       Spring       Spring 

Aufn 

h       111             M 
-5  40 

" 

7'.09 

20 

7.09 

5     0 

7.10 

4  40 

7.11 

20 

7.14 

4     0 

7.17 

7.18 

3  40 

7.20 

7.23 

20 

7.24 

7.30 

3     0         7.3 

7         7.29 

7.44 

2  40         7.66         7.40 

7.72 

20         7.9 

5         7.66 

8.03 

2     0         8.2 

6         8.16 

8.31 

1   40         8.5 

9         8.61 

8.56 

20         8.94         8.87 

S.SO 

1     0         9.03         9.02 

8.91 

1)  40         9.03         9.00 

8.91 

-0  20         8.9 

7         9.00 

8.90 

0     0         8.9 

2         9.00 

8.90 

+  0  2i>         8.93         9.00 

8.90 

40         8.98         9.00 

8.90 

1     0         8.96         8.97 

8.86 

1   2(1         8.80         8.73 

8.53 

40         8.50         8.34 

2     0         8.1 

5         7.96 

+  2  20         7.S6         7.58 
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lABLE  VI. 

3CHWAB. 

T 

ine  from 

lOOO-lilO 

> 

Time 

from 

1900-1902 

Time  from 

Normal 

Time  from 

Normal 

A 

inimum 

Spring  Aufn 

Miiiiiuiim 

Spri 

ng  Aut'n 

Minimum 

Li 

,^''t 

Mininiuiii 

l.igl 

It 

. 

h 

-5     0 

.".        7!'02 

-ff 

40 

91 

2     9.20 

+    7"lo" 

7' 

11 

+  37"  38'" 

(;'.'9i 

4  40 

.     .        7.04 

-0 

20 

9.1 

5     9.20 

8  31 

7 

01 

40  4X 

(;.8 

; 

20 

.    .       7.07 

0 

0 

9.1 

7     9.20 

9     5 

(> 

95 

43  43 

6.9 

> 

4     0 

.    .       7.] 

+  0 

20 

9.18     9.20 

11  44 

6.92 

46     7 

0.99 

3  40 

.    .      7.20 

40 

9.16       .    . 

13  24 

6.91 

48  33 

6.88 

20 

7.. 

V.', 

1 

(1 

9.11       .    . 

19  26 

6.9;i 

49  26 

7.01 

3     0 

.    .       7., 

■)0 

1 

2(1 

8.; 

{»      .    . 

22  30 

() 

94 

+  51  10 

6.9 

i 

2  40 

.    .       7.80 

40 

x..-) 

0      .    . 

22  57 

6.98 

20 

.    .      8.13 

2 

0 

8.10      .    . 

23  11 

6.94 

2     0 

.    .       8.. 

50 

2 

20 

7.7 

s      .    . 

24  20 

6.96 

^ 

1  40 

.    .      8. 

'2 

40 

7.5 

o 

25  12 

6.93 

20 

8.92     9.03 

3 

0 

7.34      .    . 

34  49 

6.94 

- 

-1      0 

9.06     9.18 

+;; 

20 

7.2 

'•'> 

+  35  16 

(i 

92 

Tai 

LE  VII.        KfiADING.S    FROM    MeAN    CuUVES 

1S88- 

800 

1891-1894 

1S95- 

S9S 

1899-1902 

Vutumn 

Spring 

Autumn 

Autunm 

Spring 

.\utumn 

r 

—  t 

Before 

After 

Before 

After 

Before     After 

Before 

After 

Before      Af 

er        Before 

After 

5 

'  o" 

M 

M 

*' 

." 

. 

." 

7.16 

7!'l8 

4 

40 

7.1.-, 

7.12 

7  '_ 

4 

7.22 

7.20 

4 

20 

7.23 

7.18 

7.76       7.31 

7.27 

7.34 

4 

0 

7 

.02         .'    .' 

7.30 

7.24 

7.86       7.; 

;7 

7^34 

7.42 

■3 
3 

40 
20 

J 

.10         .    . 
.21         .    . 

7.37 
7.44 

7.32 
7.40 

7.97       7.48 
8.09       7.60 

7.43 
7.53 

7.49 
7.58 

3 

0 

7 

.34         .    . 

7.52 

7.58 

8.21       7.' 

"3 

7.64 

7.67 

40 

7.71 

7 

.60       7.66 

7.67 

7.68 

8.35       7.88 

7.77 

7.75 

2 

20 

7.84 

8.06 

8.21 

7 

.93       7.72 

7.98 

7.89 

8.48       8.05 

7.95 

7.86 

2 

0 

7.98 

8.19 

8.47 

8.45 

8 

.26       7.93 

8.35 

7.97 

8.64       8.30 

8.18 

8.03 

1 

40 

8.16 

8.62 

8.72 

8.56 

8 

.57       8.57 

8.66 

8.50 

8.78       8.; 

)3 

8.48 

8.29 

1 

20 

8.. 

)2 

9.00 

8.91 

8.73 

8.88       9.08 

8.91 

8.89 

8.92       8. 

■7 

8.86 

8.68 

1 

0 

8.89 

9.11 

9.02 

8.86 

9 

.26       9.26 

9.08 

9.07 

9.00       8.94 

9.05 

9.02 

0 

40 

9.10 

9.17 

9.06 

8.96 

9 

.30       9.29 

9.15 

9.13 

9.05       9.04 

9.10 

9.06 

0 

20 

9.24 

9.21 

9.07 

9.02 

9 

.30       9.29 

9.17 

9.10 

9.07       9.0s 

9.10 

9.08 

0 

0 

9.24 

9.05 

9 

.29        .    . 

9.17 

9.08 

9.09 

Table  VIII 

Normals  fok  Mean 

LiGHT-CuKVE,  1888-1902 

East  (Autumn) 

East  (Autumn 

East  (Autumn) 

West  (Spring) 

T—t 

Mag. 

Obs 

V 

T—t 

Mag. 

Obs. 

V 

T—t     Mag. 

Obs. 

1! 

T—t 

Mag. 

Obs 

V 

-4''55!8 

7.14 

10 

+  0.01 

+ 

0     81 

9.16 

20 

-0.01 

+  21 

35!6    7.09 

9 

0.00 

-0  r,7\o 

9.03 

10 

+  0.02 

4  31.4 

7.38 

10 

+  0.20 

0  15.9 

9.18 

20 

+  0.01 

o 

5 

11.7    7.12 

10 

+  0.03 

0  49.4 

8.99 

10 

-0.04 

4  13.0 

7.12 

8 

-0.11 

0  34.6 

9.18 

20 

+  0.03 

o 

7 

44.5    7.14 

6 

+  0.05 

0  43.7 

9.06 

10 

+  0.02 

3  44.8 

7.37 

15 

+  0.05 

0  48.4 

9.10 

20 

-0.02 

2 

9 

26.1    7.10 

6 

+  0.01 

0  26.4 

9.07 

10 

+0.02 

3  34.7 

7.41 

14 

+  0.04 

0  56.6 

9.15 

20 

+  0.03 

3 

2 

34.8    7.06 

4 

-0.03 

0     9.8 

9.09 

10 

+  0.03 

3  17.3 

7.40 

15 

-0.05 

1     6.0 

9.05 

20 

+  0.02 

4 

2 

18.3    7.07 

6 

-0.02 

-0     1.6 

9.05 

10 

-0.01 

3     4.1 

7.46 

20 

-0.08 

1  13.8 

8.96 

20 

+  0.02 

46 

6.1    7.10 

4 

+  0.01 

+  0  10.1 

9.03 

10 

-0.01 

2  52.0 

7.67 

20 

+  0.04 

1  20.9 

8.75 

20 

-0.10 

49 

17.8    7.08 

11 

-0.01 

0  36.1 

9.04 

10 

+  0.02 

2  40.1 

7.82 

20 

+0.09 

1  26.3 

8.83 

20 

+  0.10 

52 

27       7.03 

3 

-0.06 

1  11.8 

8.81 

10 

-0.10 

2  22.8 

7.86 

20 

-0.06 

1  33.9 

8.56 

20 

-0.02 

+  54 

11.3    7.05 

3 

-0.04 

1  28.0 

8.65 

10 

-0.05 

2  10.5 

8.12 

20 

+  0.06 

1  39.7 

8.39 

20 

-0.01 

West  (Spring) 

1  49.7 

8.48 

10 

+  0.05 

1  59.8 

8.11 

20 

-0.08 

1  47.9 

8.33 

20 

+  0.09 

— 

4 

52.1     7.62 

10 

0.00 

2     8.4 

8.29 

10 

+  0.07 

1  51.6 

8.43 

20 

+  0.12 

1  56.6 

8.08 

20 

-0.02 

3 

45.3    7.77 

10 

+  0.01 

2  27.7 

7.96 

10 

-0.05 

1  44.2 

8.41 

20 

0.00 

2     4.6 

7.97 

20 

-0.02 

3 

18.5    8.24 

10 

+  0..38 

2  49.8 

7.82 

7 

+  0.01 

1  37.5 

8.55 

20 

+  0.02 

2  21.2 

7.81 

20 

-0.03 

o 

36.0    8.09 

10 

-0.03 

+  4  34.3 

7.28 

0 

0.00 

1  30.7 

8.56 

20 

-0.08 

2  48.8 

7.60 

20 

0.00 

2 

30.6    8.10 

10 

-0.10 

1  21.8 

8.84 

20 

+  0.02 

3  31.8 

7.48 

19 

0.00 

2 

20.2    8.35 

10 

+  0.04 

+   83 

7.06 

0 

-0.03 

1  1G.2 

8.87 

20 

-0.07 

4  56.3 

7.13 

4 

-0.03 

59.7    8.56 

10 

0.00 

19  13 

7.11 

2 

+  0.02 

1     8.3 

9.06 

20 

+  0.04 

5  44.5 

7.11 

6 

+  0.02 

47.4    8.64 

10 

+  0.08 

20  31 

7.11 

2 

+  0.02 

1     1.2 

9.08 

20 

-0.01 

7     9 

7.09 

3 

0.00 

42.1    8.73 

10 

-0.03 

31  13 

7.07 

3 

-0.02 

0  52.9 

9.14 

20 

+  0.01 

9  18.5 

7.10 

4 

+  0.01 

31.7    8.81 

10 

-0.05 

33  15 

7.08 

3 

-0.01 

0  41.0 

9.16 

20 

0.00 

13  58.1 

7.09 

6 

0.00 

23.9    8.84 

10 

-0.04 

44  23.5 

7.06 

0 

-0.03 

0  28.1 

9.16 

20 

-0.01 

16  26.8 

7.05 

5 

-0.04 

14.9    8.96 

10 

+  0.01 

46  27 

7.11 

2 

+  0.02 

- 

-0  16.9 

9.23 

20 

+c 

.06 

+  20  16 

2 

7.09 

5 

0.00 

— 

5.3    8.95 

10 

-0.04 

+  47  26 

6.96 

1 

-0.13 

N°-  00 1 
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Table  IX. 

Time  from 

East  (Autumn)      West 

(Spring) 

Time  from   East  (Autumn) 

(Vest  (Spring) 

Time  from  East  (Autumn)       West 

(Spring) 

Minimum 

Before 

After        Before 

After 

Minimum 

Jefore 

After 

Jefore 

After 

Minimum 

Before    Aft 

er        Before 

After 

ta       m 

), 

u 

jl 

)] 

h       III 

u 

U 

)i 

^ 

h 

m 

M                     U 

M 

M 

5  40 

7.09 

7.0f 

.    . 

3  30 

7.39 

7.49 

7.82 

7.55 

1  40 

8.49     8.40         8.7 

8 

8.56 

20 

7.10 

7.11 

20 

7.44 

7.54 

7.86 

7.61 

30 

8.65     8.fc 

5         8.8 

7 

8.68 

r.    0 

7.12 

7.1c 

7.60 

10 

7.50 

7.58 

7.91 

7.67 

20 

8.84     8.85         8.93 

8.80 

4  50 

7.14 

7.17 

7.62 

3     0 

7.57 

7.64 

7.97 

7.74 

10 

9.00     9.00         8.9 

7 

8.92 

40 

7.16 

7.21 

7.64 

2  50 

7.64 

7.68 

8.03 

7.81 

1 

0 

9.10     9.C 

7         9.00 

8.97 

30 

7.18 

7.2;: 

7.65 

7.26 

40 

7.73 

7.73 

8.10 

7.90 

50 

9.14     9.11         9.03 

9.00 

20 

7.21 

7.29         7.67 

7.30 

30 

7.84 

7.78 

8.19 

7.99 

40 

9.17     9.14         9.04 

9.02 

10 

7.24 

7.33         7.69 

7.34 

20 

7.95 

7.85 

8.31 

8.10 

30 

9.17     9.16         9.05 

9.03 

4     0 

7.27 

7.3-- 

7.72 

7.39 

10 

8.06 

7.94 

8.43 

8.20 

20 

9.17     9.1 

7         9.06 

9.04 

3  50 

7.30 

7.41 

7.75 

7.44 

2     0 

8.19 

8.05 

8.56 

8.32 

LO 

9.17     9.18         9.06 

9.05 

3  40 

7..34 

7.45         7.78 

7.49 

1  50 

8.34 

8.20 

8.68 

8.43 

0 

0 

9.18     . 

9.06 

•    • 

T.VBI.K    X. 

E 

Gr.  M.T. 

O 

O— C 

W. 

Obs. 

E 

Gr 

M.T. 

O 

u— C 

w 

Obs 

63     1880  Nov. 

27 

8''56™9 

+  3.7 

+   3.2 

5 

15 

1299 

1889 

May 

5     13 

57.6 

-3.3 

+  12.0 

1 

Y 

65 

Dec. 

2 

8  45.3 

+  3.7 

+  12.1 

4 

K 

1378 

Nov. 

18     12 

32.2 

+3.5 

+  23.5 

4 

Y 

112     1881  Mar. 

29 

12  47.0 

-1.9 

+  10.2 

9 

K 

1 382 

28     11 

52.4 

+3.7 

+  24.9 

3 

Y 

114 

Apr. 

3 

12  13.3 

-2.1 

-  3.2 

5 

K 

1512 

1890  Oct. 

18     13 

20.3 

+  2.6 

+  4.9 

5 

Y 

118 

13 

11  40.8 

-2.6 

+  4.8 

4 

K 

1516 

28     12 

55.4 

+3.0 

+  21.4 

2 

Y 

124 

28 

10  31.5 

-3.1 

-   3.5 

2 

K 

1910 

1893 

July 

5     17 

24.9 

-2.9 

+  11.2 

4 

Y 

126 

iMay 

3 

10  19.1 

-3.3 

+  4.4 

5 

K 

1914 

16     16 

37.1 

-2.4 

-  0.8 

5 

Y 

128 

8 

10     1.5 

-3.4 

+  7.2 

3 

K 

1916 

2 

I     16 

24.6 

-2.0 

+   7.6 

5 

Y 

187 

Oct. 

2 

11  49.8 

+  1.7 

+   5.7 

4 

K 

1922 

Aug. 

. 

)     15 

36.9 

-1.2 

+  21.9 

3 

Y 

193 

17 

10  40.3 

+  2.5 

-  1.5 

4 

K 

1924 

10     14 

55.7 

-1.0 

+   2.0 

5 

Y 

219 

Dec. 

21 

0  27.5 

+  3.4 

+  13.2 

1 

K 

1926 

1 

■)     14 

36.6 

-0.7 

+   3.4 

5 

Y 

234     188 

2  Mar. 

18 

12  22.0 

-1.2 

+  2.2 

3 

K 

1930 

2 

i     13 

43.6 

-0.3 

+   8.2 

4 

Y 

262 

Apr. 

7 

11     2.6 

-2.3 

+  s'e 

5 

K 

2111 

1894  Nov. 

19     IS 

4S.5 

+  3.6 

-   4.2 

4 

Y 

262 

7 

11     7.0 

-2.3 

+  8.0 

5 

B 

2111 

19     18 

41.6 

+  3.6 

-10.1 

5 

S 

268 

22 

10     8.0 

-3.0 

+  9.9 

1 

K 

2117 

Dec. 

4     17 

39.1 

+  3.7 

-11.0 

2 

Y 

270 

27 

9  42.0 

-3.0 

+  4.1 

3 

K 

2117 

4     17 

36.6 

+  3.7 

-13.5 

5 

S 

345 

Oct. 

31 

8  40.(; 

+  3.1 

-   1.8 

3 

K 

2123 

19     16 

39.0 

+  3.4 

-   9.8 

5 

s 

353 

Nov. 

30 

6  41.0 

+  3.7 

+   2.2 

1 

K 

2137 

1895  Jau. 

23     14 

20.3 

+  2.2 

-  6.1 

3 

Y 

394     1883  Mar 

o 

12  30.2 

-0.3 

+   6.9 

4 

K 

2141 

Feb. 

2     13 

34.3 

+  1.7 

-11.6 

3 

S 

398 

12 

11  47.6 

-0.8 

+  4.8 

4 

K 

2184 

]\Iay 

2 

)     18 

15.8 

-3.6 

-14.5 

2 

s 

402 

22 

11     5.3 

-1.4 

+  2.9 

4 

K 

2194 

June 

14     16 

25.7 

-3.3 

-21.8 

5 

Y 

406 

Apr. 

1 

10  25.2 

-2.9 

+  2.3 

4 

K 

2279 

1896  Jan. 

1 

2     14 

4.3 

+  2.6 

-15.6 

2 

s 

487 

Oct. 

20 

S  30.5 

+  2.7 

+  3.9 

4 

K 

2328 

May 

13     17 

43.6 

-3.5 

-10.0 

5 

Y 

540     1884  Feb. 

29 

11  31.6 

0.0 

+  5.8 

4 

K 

2541 

1897 

Oct. 

2 

S     17 

23.0 

+  2.9 

+   0.2 

3 

s 

548 

Mar. 

20 

10  15.3 

-1.4 

+  10.1 

3 

K 

2813 

1899 

Sept 

t     18 

52.1 

+  0.1 

-   4.1 

4 

Y 

690     188 

5  Mar. 

<) 

9  49.2 

-0.6 

+   1.0 

3 

15 

2815 

)     IS 

36.9 

+  0.4 

-    1.5 

4 

Y 

690 

9 

9  50.(i 

-0.6 

+   2.4 

3 

1) 

2817 

14     18 

16.1 

+  0.7 

-   1.5 

1 

Y 

692 

14 

9  3.3.9 

-1.1 

+   5.2 

3 

K 

2821 

o 

4     17 

36.6 

+  1.3 

+   3.7 

4 

^■ 

694 

19 

9     9.8 

-1.4 

+  0.9 

5 

K 

2825 

Oct. 

i     16 

41.0 

+  1.9 

-  10.3 

4 

V 

753 

Aug 

3 

11  54.2 

-1.4 

+   9.3 

2 

15 

2829 

14     16 

12.4 

+  2.4 

+   2.G 

4 

Y 

753 

3 

11  50.7 

-1.4 

+   5.8 

3 

b 

2983 

1900  Nov. 

2     13 

53.7 

+  3.1 

+   2.8 

5 

Y 

832     1886  Feb. 

26 

9  34.3 

+  0.2 

+  3.2 

3 

B 

.3001 

Dec. 

1 

■     10 

34.5 

+  3.5 

-10.3 

o 

Sell 

832 

26 

9  37.3 

+  0.2 

+  6.2 

5 

b 

3011 

1901 

Jan. 

11       9 

0.2 

+  2.9 

—   2.7 

5 

Sch 

966     188 

7  Jan. 

26 

10  31.0 

+  2.1 

-  3.1 

3 

K 

3011 

11       8 

46.9 

+  2.9 

-16.9 

1 

P 

970 

Feb. 

5 

9  51.5 

+  1.5 

f>  o 

4 

B 

3013 

16       8 

40.3 

+  2.5 

—   2.7 

2 

P 

970 

5 

9  53.6 

+  1.5 

-    0.1 

5 

b 

3013 

16       S 

35.8 

+  2.5 

-  6.9 

5 

^h 

978 

25 

8  32.0 

+0.3 

+   9.4 

3 

K 

3015 

o 

1       8 

16.8 

+  2.4 

—   5.5 

5 

Sch 

1078 

Nov. 

1 

15  32.1 

+  3.0 

+  4.6 

3 

C 

3062 

May 

18     12 

16.0 

-3.6 

- 10.3 

<> 

P 

1080 

6 

15  17.0 

+  3.3 

+  12.3 

5 

C 

.3064 

23     11 

54.3 

-3.7 

-11.6 

3 

P 

1084 

16 

14  28.6 

+  3.5 

+  3.2 

2 

C 

3119 

Oct. 

-     14 

47.1 

+  2.5 

+  10.9 

4 

Y 

1086 

21 

14     4.0 

+  3.6 

+   1.1 

o 

C 

3135 

Nov. 

16     11 

42.6 

+  3.5 

-   8.1 

5 

Sch 

1090 

Dec. 

1 

13  35.9 

+  3.7 

+  14.2 

5 

C 

3141 

Dec. 

1     10 

38.9 

+  3.7 

-  10.2 

.5 

Sch 

1092 

(> 

13     8.7 

+  3.7 

+   7.5 

4 

C 

3239 

1902 

Aug. 

2     18 

0.4 

-1.5 

+  9.0 

5 

Y 

1096 

16 

12  30.2 

+  3.6 

+  9.9 

4 

C 

3255 

Sept. 

11     15 

16.7 

+  0.8 

-   6.0 

5 

Y 

1133     1888  iMar. 

17 

IS     6.6 

-1.1 

-19.3 

1 

C 

3269 

Oct. 

16     12 

38.9 

+  2.5 

-18.3 

3 

Y 

1141 

Apr. 

(! 

16  35.0 

2  2 

-  9.8 

5 

C 

3275 

3 

1     11 

53.6 

+  3.1 

-   1.6 

•\ 

Sch 

1145 

16 

16     7.7 

-2.7 

+   3.4 

5 

C 

3277 

Nov. 

-.     11 

28.6 

+3.3 

-   5.9 

5 

Sch 

1216 

Oct. 

10 

16     2.8 

+  2.2 

+ 10.5 

.3 

\' 

32S;J 

2 

)     10 

29.8 

+  3.6 

-   2.8 

5 

Sch 
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N»-  oni 


NOMENCLATURE  OF 

NEWLY  DISCOVERED  VARL^BLE 

STARS* 

rrovis. 

Position  of  1900.0       | 

Prec. 

1900 

Chart-Place 

Magnitiiile 

Notation 
A.N. 

Name 

R.A. 

Dec). 

R.A. 

Decl. 

K.A. 

Decl. 

Max. 

Min. 

ph 

11.1903 

R  U  Andromedae 

ii     111    ■ 
1  32  47 

+  38°   q's 

+  3'.49 

+  0.31 

1  30  1 1 

+  37  55.6 

9 

13 

15.1903 

Z  Cephei 

2  12  48 

+  81  13 

+  7.81 

+  0.28 

2    7    6 

+  81    0 

9.10 

<13 

ph 

5G.1903 

JIN  Cephei. 

2  29  23 

+  80  42.3 

+  8.03 

+  0.27 

2  24  15 

+  80  30.2 

'.) 

<13 

pl, 

14.1902 

Z  Persei 

2  33  40 

+  41  46.1 

+  3.81 

+  0.26 

2  30  50 

+  41  34.3 

9 

12 

V 

22.1903 

X  Camelopardalis 

4  32  36 

+  74  56 

+  7.68 

+  0.12 

4  26  48 

+  74  50 

9 

i:; 

ph 

5.1903 

liS  Taitri 

5  46    3 

+  15  51.3 

+  3.45 

+  0.02 

5  43  28 

+  15  50.3 

8.9 

Kill 

1.1903 

Z  Aurigae 

5  53  39 

+  53  18.0 

+  4.86 

+  0.01 

5  50    3 

+53  16.9 

9 

11 

V      ' 

20.1903 

W  Camelopardalis 

6  12    0 

+  75  32 

+  8.25 

-0.02 

6    5  48 

+  75  32 

10.11 

12 

ph 

14.1ft03 
9.10O3 

US  Geminorum 

6  55  14 

+  30  39.S 

+  3.84 

-0.08 

6  52  21 

+  30  43.3 

9.10 

11.12 

ph 

Z  Geminorum 

7    1  36 

+  22  41.0 

+  3.61 

-0.09 

6  58  53 

+  22  44.9 

9.10 

<12 

V 

16.1903 

RR  Monocerotis 

7  12  27 

+   1  16.6 

+  3.10 

-0.10 

7  10    7 

+    1  21.2 

9 

<13 

ph 

13.1903 

RR  Geminorum, 

7  15  11 

+  31     4.2 

+  3.83 

-0.10 

7  12  18 

+  31    9.0 

10 

11.12 

ph 

21.1903 

Y  Camelopardalis 

7  27  39 

+  76  16-.9 

+  8.15 

-0.12 

7  21  30 

+  76  22.3 

9.10 

<11.12 

ph 

4.1902 

Y  Geminorum 

7  35  16 

+  20  39.6 

+  3.53 

-0.13 

7  32  37 

+  20  45.3 

8.9 

- 

ph 

2.1903 

Y  Draeonis 

9  31    5 

+  78  18.2 

+  6.98 

-0.27 

9  25  47 

+  78  30.1 

9 

13 

ph 

3.1903 

W  Ursae  Maj. 

9  36  44 

+  56  24.6 

+  4.25 

-0.27 

9  33  32 

■\-')^  36.7 

8 

9 

V 

4.1903 

Z  Draeonis 

11  39  49 

+  72  49.0 

+  3.45 

-0.33 

11  37  12 

+  73    4.0 

9.10 

12.13 

ph 

57.1903 

T  Ursae  min. 

13  32  38 

+  73  56.4 

+  1.25 

-0.31 

13  31  42 

+  74  10.2 

9 

<13 

ph 

29.1903 

ST  Herculis 

15  47  47 

+  48  47.1 

+  1.79 

-0.18 

15  46  27 

+  48  55.4 

7.8 

8.9 

V 

18.1902 

W  Coronae 

16  11  50 

+  38    2.7 

+  2.14 

-0.15 

16  10  14 

+  38    9.6 

7.8 

13 

V 

31.1903 

SU  Herculis 

17  44  42 

+  22  34 

+  2.52 

-0.02 

17  42  48 

+  22  35 

10 

<12 

ph 

76.1901 

RT  Ophiuchi 

17  51  51 

+  11  10.9 

+  2.81 

-0.01 

17  49  45 

+  11  11.5 

9 

<10 

V 

19.1903 

RZ  Lyrae 

18  39  54 

+  32  41.7 

+  2.23 

+  0.06 

18  38  14 

+  32  39.1 

10 

11.12 

ph 

17.1903 

RY  Lyrae 

18  41  15 

+  34  34.0 

+  2.17 

+  0.06 

18  39  38 

+  34  31.4 

10 

12 

ph 

17.1902 

RW  Lyrae 

18  42    7 

+  43  31.9 

+  1.82 

+  0.06 

18  40  45 

+  43  29.2 

9 

<12 

ph 

10.1903 

RX  Lyrae 

18  50  27 

+  32  42.3 

+  2.23 

+  0.07 

18  48  46 

+  32  39.0 

11 

<15 

ph 

55.1903 

ViVCyrfni 

20  11  21 

+  34  11. S 

+  2.31 

+  0.18 

20    9  37 

+  34    3.7 

9.10 

11.12 

ph 

21.1902 

V  Sar/ittae 

20  15  46 

+  2047.3 

+  2.65 

+  0.19 

20  13  47 

+  20  39.0 

9.10 

13 

ph 

16.1902 

Z  Lielphini 

20  28    3 

+  17    6.2 

+  2.74 

+  0.20 

20  26    0 

+ 1 6  57.2 

9 

<11 

ph 

15.1902 

Y  Delphini 

20  36  52 

+  11  30.9 

+  2.86 

+  0.21 

20  34  43 

+  11  21.5 

9.10 

<13 

V 

58.1903 

VX  Cygni 

20  53  34 

+  39  47.5 

+  2.26 

+0.23 

20  51  52 

+  39  37.2 

9 

9.10 

ph 

20.1902 

VV  Ci/gni 

21    2  20 

+  45  22.6 

+  2.12 

+  0.24 

21    0  45 

+  45  11.9 

11 

<12 

ph 

19.1902 

RT  P'erjasi 

21  59  49 

+  34  38.2 

+  2.61 

+  0.29 

21  57  51 

+  34  25.3 

9.10 

13.14 

V 

RS  Andromedae 

23  50  19 

+  48    4.9 

+  3.01 

+  0.33 

23  48    4 

+  47  49.5 

7.8 

8.9 

ph 

12.1903 

Nova  Geminorum 

6  37  49 

+  30    2.6 

+  3.83 

-0.05 

6  34  56 

+  30    5.0 

5 

- 

'  From  Supplement  to  Nos.  549-550. 


The  Committee  for  the  A.G.  Catalogue  of  Variable  Stars  : 

DUNEK,    HarTWIG,    Mi'LLEK,    OuDEMAX.S. 


ERROR   IN   THE   PLACE   OF  (15)  EUNOMIA   IN   THE   JAIIBBUCH  FOR   1905. 

Hv  J.  C.  HAMMOND  and  W.  W.  DIXWIDDIE. 
[Communicated  by  Rear-Admiral  C.  M.  Chestkr,  U.S.N.,  Superintendent  U.S.  Xaval  Observatory.] 


On  August  20,  a  plate  was  exposed  on  the  6-incli  camera 
by  jVIr.  DiNWiDDiE  for  the  purpose  of  finding  the  minor 
planet  (41)  Daphne.  A  trail  was  found  on  the  plate  which 
appeared  much  too  bright  for  that  asteroid.  The  direc- 
tion of  the  trail  also  showed  that  the  motion  was  entirely 
different  from  that  of  Daphne. 

After  observing  it  on  the  12-inch  e(iuatorial  on  August 
21  and  23,  Mr.  Hammond  computed  a  circular  orbit  from 
his  observations  and  found  that  the  elements  agreed  very 
closely  with    those    of    (15)    Eunomia,    which    had   been 


searched  for  photographically  by  Mr.  Peters  in  the  place 
given  in  the  Jalirbuch  for  1905,  but  without  success. 

The  position  of  jEunomia  was  then  computed  by  Mr. 
Hammond  from  the  elements  and  tables  of  Schubert  and 
was  found  to  agree  closely  with  the  observed  position. 
The  differences  0-C  are  —  4S»  in  a  and  —  23'.5  in  8. 
The  position  for  August  23  is,  a  =  21"  52-"  54»  ;  S  =  +0° 
18'.9.  The  daily  motion  is  1'"  in  a  and  +0.3  in  8.  The 
time  of  opposition  is  August  20  instead  of  July  29  as 
given  in  the  Jahrbuch. 
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THE   IXSTRUMEI^TAL   CONSTAI^TS  IN   EQUATORIAL   WORK, 

By  C.  W.  FREDERICK. 
[Communicated  by  Rear-Admiral  C.  M.  Chester,  Superintendent  U.S.  Xaval  Observatory.] 


Ill  order  to  eliminate  the  effect  of  the  constants  in  equa- 
torial work  it  is  necessary  to  determine  the  parallel  of  the 
micrometer  at  the  place  of  each  observation.  But  with  a 
knowledge  of  the  instrumental  constants,  and  a  sufficient 
theory  as  to  their  influence  in  varying  the  orientation  of 
the  micrometer,  we  could  adopt  a  fixed  setting  for  the 
parallel  from  careful  determinations  made  in  favorable 
parts  of  the  sky.  Then,  at  a  given  place  of  observation, 
corrections  due  to  the  error  of  this  parallel  would  be  com- 
puted for  the  quantities  measured.  In  the  following  is 
given  a  method  for  obtaining  the  constants,  with  formulas 
for  the  deviation  of  the  parallel  produced  by  them,  and  the 
construction  of  tables  to  facilitate  the  computations. 

The  constants  may  be  determined  from  observations  of 
circumpolar  and  equatorial  stars. 

Since  A.  Ursae  Minoris  and  Polaris  are  about  six  hours 
apart  in  right-ascension,  one  is  near  culmination  when  the 
other  is  near  elongation.  The  azimuth  of  the  instrumental 
pole  may  be  obtained  from  the  star  at  culmination,  and  the. 
altitude  from  the  star  at  elongation. 

Before  making  the  observations  we  should  determine  the 
reading  of  the  micrometer  scale  when  the  movable  wire  is 
in  the  optical  axis  of  the  telescope,  or  better,  place  the 
fixed  wire  in  the  optical  axis,  so  that  coincidence  is  the 
required  reading.  This  adjustment  may  be  accomplished 
by  starting  the  driving  clock  and  reversing  the  micrometer 
a  few  times  on  a  suitable  star.  To  observe  for  azimuth  we 
clamp  the  telescope  at  one  side  of  the  pier  so  the  decli- 
nation axis  will  lie  in  the  plane  of  the  six-hour  circle. 
Also  clamp  the  micrometer  in  a  horizontal  position.  Then 
point  the  telescope  at  the  star  near  culmination.  As  the 
star  moves  slowly  across  the  field  set  the  movable  thread 
of  the  micrometer  immediately  ahead  of  it,  and  note  tlie 
time  of  transit,  also  note  the  reading  of  the  scale.  Two  or 
more  such  transits  should  be  taken  to  serve  as  a  check  on 
each  other.  Then  reverse  the  telescope  to  the  opposite 
side  of  the  pier,   and    repeat  the  same  operation.     This 


completes  the  observation  for  azimtith.  For  the  altitude 
the  star  near  elongation  is  observed  in  a  similar  manner, 
with. the  telescope  above  the  pier,  and  clamped  so  the 
declination  axis  will  lie  in  the  plane  of  the  meridian.  The 
micrometer  should  remain  clamped  in  position  angle,  and 
not  be  disturbed  during  the  observations. 

The  formulas  for  reducing  these  observations  are  easily 
obtained,  and  it  is  not  necessary  to  give  their  derivation. 
The  quantities  observed  may  be  designated  as  follows  : 

B^  =  the  reading  of  the  micrometer  scale  when  the  movable 

wire  is  in  coincidence  with  the  optica]  axis  of  the 

telescope. 
R  =  the  mean  of  the  settings  of  the  movable  wire  in  any 

given  position  of  the  telescope. " 
6  =  the  sidereal  time  corresponding  to  B ;  mean  of  the 

transits. 

The  position  of  the  telescope  may  be  shown  by  indices 
E,  W,  or  U  (east,  west,  up)  ;  and  the  position  of  the  microm- 
eter by  subscripts  E,  W,  U,  or  D.  These  may  refer  to  the 
positive  direction  of  the  micrometer  scale,  or  to  the  microm- 
eter head  if  it  is  opposite  the  zero  of  the  scale.  Thus  B^, 
is  the  mean  of  the  scale  readings  taken  when  tlie  telescope 
is  east  of  the  pier,  and  the  micrometer  clamped  so  the  scale 
increases  westward,  or  head  west.     Put 

n, ,  p,  =  the  apparent   right-ascension  and  polar  distance 

of  the  star  at  culmination  ; 
a,,  p,  =  the  same  for  the  star  at  elongation ; 

r  =  the  refraction  of  the  atmosphere  at  the  altitude 

of  the  pole ; 
qr  =  the  latitude  of  the  observatory  ; 
T  =  e  —  a. 
Let  the  constants  be  as  follows  : 

1]  =  the  distance  of  the  instrumental  pole  westward 
from  the  true  pole  measured  along  the  sijc- 
hour  circle;  termed  azimuth  above. 
^  =  the  distance  i>f  the  instrumental  pole  above 
the  true  pole  measured  along  the  meridian ; 
termed  altitude  above. 
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i,+  90°  =  the    angle  between    the    polar    axis   produced 
northward  and  the  declination  axis  produced 
through  the  telescope  tube.     Flexure  is  in- 
cluded in  this  quantity, 
c  =  tlie  collimation.     The  angle  between  the  opti- 
cal axis  of  the  telescope  produced  through 
the  objective  and  the  declination  axis  pro- 
duced through  the  tube  is  90°  +  <: 
t  =  the  flexure  of  the  declination  axis  when  in  a 
horizontal  position,  positive  when  the  end 
joining  the  tube  bends  downward, 
e  =  the  flexure  of  the  telescope  tube   when    hori- 
zontal, positive  when  the  objective  end  of  the 
tube  bends  most. 
For  the  reduction  of  the  above  observations  we  have  the 
following  approximate  formulas.     When  the  micrometer 
is  clamped  head  outward  from  the  pier, 

,  =  p,  sin^(r^  +  rl)  +  K^j;^-i?|) 
(la)  i; - c  =  p,  sin i  (r S,' - ri)  +  i  ( A'^  +  Rl)  -  R, 

^  =  p.  cost{?  +  .Rg  — i?„— (i'l-c)  +  e  cosqp  +  r 

When  the  micrometer  is  clamped  head  inward  next  the 

pier, 

^  =  p,  sin  i  (t^  +  r^.)  +  i  (i??v  -  HI) 
(li)         ;,_,•  =  p,  sini(r^-r?v)-i(A'F  +  A'^)  +  ^o 

fe^  =  p.  cosTg  +  ^(,-/?K-(i'i-c)  +  «cos<)r  +  r 

If  we  wish  to  eliminate  R^  by  reversing  the  micrometer 
during  each  observation  we  have  for  the  reduction, 

i,-c    =  p,sini(r^-rfv-rl  +  rg')  +  i(i?^-i?,^  +  /fi-/??) 
.*  =  p.cosi(T^  +  TS)  +  i(^u-^D)-0'i-c)  +  ecosqF  +  r 

The  quantity  i,  — e  is  the  distance  from  the  instrumental 
pole  at  which  the  optical  axis  of  the  telescope  passes 
when  the  instrument  is  revolved  in  declination.  The  term 
p,  smhiT'''  —  T^)  in  equations  (\a)  and  (\.b),  and  the  corre- 
sponding term  in  (Ic),  becomes  negative  for  lower  culmi- 
nation. The  term  is  really  p,4  (sin t^— sin  t^),  so  when 
the  hour-augle  is  in  the  second  or  third  quadrant  a  positive 
increment  of  t  will  produce  a  negative  increment  of  sinr. 

The  collimation,  flexure  of  the  declination  axis,  and 
flexure  of  the  tube,  may  be  determined  from  observations 
of  equatorial  stars.  For  the  collimation  we  take  several 
transits  of  an  equatorial  star  near  the  meridian,  half  with 
the  telescope  east  of  the  pier,  and  half  with  the  telescope 
west,  reading  both  verniers  of  the  hour-circle  after  each 
transit.  The  thread  over  which  the  transits  are  taken 
should  be  carefully  placed  in  the  optical  axis  of  the  tele- 
scope. If  the  flexure  of  the  tube  is  considerable,  or  for 
safety  we  wish  to  eliminate  its  differential  effect  on  c,  the 
transits  may  be  taken,  two  with  the  telescope  on  one  side 
of  the  pier,  four  on  the  opposite  side,  then  two  more  in  the 
first  position.     For  the  reduction  we  have, 

(2)    c„  =  i(«;S-6r)-i(rS— rS')-0.0003i(eE-e) 


where  ^j^,  0"^,  are  the  means  of  the  sidereal  times  of  tran- 
sits taken  telescope  east,  and  telescope  west,  respectively, 
and  tJ;-,  r'^,  are  £he  means  of  the  corresponding  readings 
of  the  hour-circle.  The  term  —  0.0003  i  (^j^  —  ^i'')  is  a  cor- 
rection for  differential  refraction.  Its  coefticient  —0.0003 
is  practically  the  same  for  any  observatory. 

The  collimation  thus  determined  is  affected  by  a  com- 
ponent of  the  flexure  of  the  declination  axis,  so  that 
c  =  c„  +  t  cos  gi  cos  T„ .  This  component  will  be  much 
diminished  by  observing  for  collimation  at  a  large  hour- 
angle,  say  between  four  and  five  hours.  By  taking  an 
observation  in  both  west  hour-angle  t„  and  east  hour- 
angle  r,  the  flexure  of  the  tube  may  also  be  deduced.  The 
observations  are  made  in  the  same  manner  as  for  the 
meridian,  except  it  is  not  necessary  to  reverse  the  tele- 
scope more  than  once  for  each  observation,  as  the  differ- 
ential flexure  of  the  tube  may  be  sufficiently  well  eliminated 
by  making  the  observation  at  west  hour-angle  in  the  re- 
verse order  from  that  at  east  hour  angle.  Thus,  if  at  t„ 
we  observe  in  the  order,  telescope  east,  telescope  west,  at 
T,  we  should  observe  in  the  order,  telescope  west,  telescope 
east.  This  is  the  natural  procedure  in  manipulating  the 
instrument.     For  the  reductions  we  have 


(3) 


Subscripts  here  indicate  the  hour-angle.  M  may  be  com- 
puted by  placing  p  =  90°  in  equation  (349),  page  458, 
Chauvenet ,  Vol.  II. 

From  these  observed  collimatious  we  have 

C  —  COS^  (t!^  +  t]S^)  «  cos  (f    =   c^ 

C  —  cos  ^  (tJ  +  t^)  £  cos  (J)  =  <•„  (4) 

c  —  cosi  (rf +T^)  c  cosg)  =  <\ 

with  which  to  determine  the  true  collimation  f,  and  inci- 
dentally c. 

For  the  26-inch  equatorial  at  the  Naval  Observatory  the 
quantity  ecosqp  is  about  90"  =  6'.*  This  is  the  maxi- 
mum component  of  the  flexure  of  the  declination  axis  in 
the  plane  of  the  equator.  Therefore  when  observing  the 
pole  stars,  for  the  one  at  culmination  the  hour-circle  is  set 
6'  past  O""  for  telescope  east,  and  6"  less  than  O*"  for  tele- 
scope west,  in  order  to  bring  the  declination  axis  properly 
into  the  plane  of  the  six-hour  circle. 


*  At  this  point  attention  may  be  called  to  a  misleading  omission 
in  certain  equations  of  Chauvenet.  On  page  383,  Vol.  II,  a 
statement  is  made  to  the  effect  that  the  term  i  cos  f  cos  t  Is  small, 
and  can  be  omitted.  This  is  not  likely  to  be  the  case.  Equations 
(262),  page  3S4,  C7iauBejief,Vol.  II,  should  be  written, 

£C0scr-|-c  sec  (5  — ^  tan<!  =  i  [(t„ — ij)— (T,— T,)] 
t  cos  cr  +  c  sec (S'l-  Ji  tan <S'  =  4  H.t\—t\)  —  (T',- T',)] 

See  Pulkowa  Observatory  Publications,  Vol.  for  1889.  Descrip- 
tion of  the  30-inch  Refractor,  page  58. 
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For  the  flexure  of  the  tube,  put 
6.=  H^^  +  ^S),  0.  =  hi^T  +  Of), 

T„  =  i  W  +  rg),    r,  =  i(Tf +  Tf) 

then  we  have 

(5)  e  cos  q:  = 


.+  1 


."Ha, —  a...  — » 


4  0 

0.0011 

G.69 

4  10 

0.0013 

7.41 

4  20 

0.0016 

8.25 

4  30 

0.0019 

9.27 

4  40 

0.0023 

10.62 

4  50 

0.0029 

12.09 

5  0 

0.0041 

14.13 

50° -F"         B' 
r„  =,•+/■    ---.,^„-   +r- 


smT„  — sinr, 

a,,  «„,  are  the  apparent  right-ascensions  of  the  stars  ob- 
served at  east,  and  west  hour-angles  respectively.  Stars 
of  the  seventh  or  eighth  magnitude  within  fifteen  minutes 
of  the  equator  may  be  picked  up  as  required,  and  their 
right-ascensions  obtained  from  the  Nicolajew  A.G.  Cata- 
logue;  r^,r^,  are  the  refractions  in  right-ascension  for 
T^  and  T„ .  They  are  assumed  both  positive.  At  a  given 
observatory  the  values  of  r,  and  also  of  M  above,  may  be 
computed  for  the  equator  as  in  the  following  table  for 
Washington. 

T„  M  r  T, 

h        m  s  h       ni 

20       0 

19  50 
19  40 
19  30 
19  20 
19  10 
19     0 

Computed  for  thermometer  =  50°  Fah.,  barometer  =  30 
inches.     To  correct  for  other  temperatures  and  barometers, 

-30 

500°^  "'"*'~30 

By  the  above  methods  a  full  set  of  constants  may  be 
obtained  with  little  labor.  But  in  carrying  on  a  series  of 
observations  for  the  constants  it  will  not  be  necessary  to 
take  a  full  set  each  time.  The  flexural  terms  will  show  no 
seasonal  changes  in  the  nature  of  the  case,  and  a  few  care- 
ful determinations  will  answer  for  them.  So  ordinarily  it 
will  only  be  necessary  to  observe  the  pole  stars,  and  one 
equatorial  star,  a  very  brief  operation  indeed. 

In  addition  to  the  constants  enumerated  above  there  is 
another  influence  at  work  to  disturb  the  parallel  of  the 
micrometer.  This  is  the  torsion  of  the  telescope  tube.  It 
is  probably  caused  by  the  distortion  of  the  central  casting 
of  the  tube  under  the  weight  of  the  telescope,  its  circular 
section  becoming  gibbous.  The  effect  would  be  as  if  the 
declination  axis  should  bend  more  perpendicular  to  the 
tube  than  parallel  to  it.  But  for  practical  reasons  let  us 
assume  the  torsion  to  be  produced  by  the  weight  of  a 
finder  attached  to  the  eye-end  of  the  tube  opposite  the 
declination  axis,  also  as  a  test  for  symmetry,  suppose  a 
second  finder  attached  90°  in  position  angle  from  the  decli- 
nation axis.     Rut 

/n  =  the  maximum  torsion  produced  by  the  first  finder, 
/jl'  =  the  maximum  torsion  produced  by  the  second  finder. 

The  values  of  /a  and  /a'  can  be  determined  by  means  of 
levels  placed  on  the  micrometer  box.     Two  small    spirit 


levels  may  be  attached  to  a  tee-shaped  piece  of  metal,  and 
secured  to  the  micrometer  box  in  such  a  way  that  their 
respective  axes  will  be  parallel  and  perpendicular  to  the 
axis  of  the  telescope  tube.  Then  when  the  level  bubbles 
are  in  the  center  of  their  scales,  let 

pY  =  the  reading  of  the  position-circle  when  the  telescope 
is  beneath  the  pier  and  object  glass  east; 

p^  =  the  reading  when  the  telescope  is  above  the  pier 
and  object  glass  west; 

jj^  =  the  reading  for  telescope  above  the  pier  and  object 
glass  east : 

pi*  =  the  reading  for  telescope  beneath  the  pier  and  ob- 
ject glass  west. 

The  telescope  is  set  each  time  with  the  declination  axis 
as  nearly  as  j)ossible  in  the  instrumental  meridian,  and  the 
tube  as  nearly  as  possible  in  the  instrumental  equator.  In 
these  positions  let 

/  =  the  component  of  the  torsion  due  to  the  first  finder, 

f  =  fi  sin  q  ; 
/'=  the  component  of  the  torsion  due  to  the  second  finder  ; 

/'  =  fx'  cosqp; 
g)'  =  the  altitude  of  the  instrumental  pole. 
Then  we  have 

f'=i(pY+P^^-p?-p^)  (6) 

q,'  =  90°  -  i  (p^+p^-pY-p?) 
i  =  q'-q 

With  large  telescopes  the  torsion  of  the  tube  is  likely  to 
have  more  influence  in  varying  the  parallel  of  the  microm- 
ter  than  all  the  other  constants,  except  of  course  in  the 
zenith  and  northern  regions  of  the  sky.  The  quantity  /' 
will  probably  be  small.  It  will  usually  be  represented  by 
the  errors  of  the  observations  onlj'. 

We  pass  now  to  the  effect  of  the  constants  on  micrometer 
measurements.  A  series  of  observations  should  be  made 
to  determine  the  stability  of  the  constants  with  regard  to 
seasonal  or  other  changes.  And  from  this  series  mean 
values  may  be  adopted  for  use  throughout  the  year.  Or 
summer  values  and  winter  values  may  be  adopted  if  there 
is  reason  for  doing  so.     Put 

\  =  the  deviation  of  the  micrometer  parallel  due  to  the 
constants,  positive  when  the  vertical  wire  strikes 
to  the  eastward  of  the  true  pole  of  the  heavens. 

The  formulas  for  A.  may  easilj-  be  obtained  by  consider- 
ing each  constant  separately.  Let  s  be  a  star  at  which 
the  telescope  is  pointed,  and  p  the  pole  of  the  heavens. 
Then  for  $  and  r)  we  take  the  component  of  each  perpen- 
dicular to  the  arc  .■i^>  and  find  the  angle  subtended  at  .«, 
X  —  i  sec  8  sin  t  —  -q  see  S  cos  t 

The  deviation  produced  by  the  flexure  of  the  tube  is  the 
difference  of  the  parallactic  angles  at  the  extremities  of 
the  arc  through  which  the  tube  bends, 

A  =  —  e  cos  gi  tan  8  sin  t 
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For  the  inclination  of  the  axes  we  construct  a  right  tri- 
angle upon  sp  as  an  hypothenuse,  and  side  /,  adjacent  the 
pole,  measured  eastward  when  the  telescope  is  east  of  the 
pier.     The  deviation  is  the  angle  at  .s. 

X  =  +  /,  sec  S 
This  term  becomes  negative  when  the  telescope  is  west  of 
the  pier. 

For  the  collimation  we  construct  a  right  triangle  upon 
sp  as  an  hypothenuse,  and  side  r  adjacent  s,  measured  east- 
ward when  the  telescope  is  east  of  the  pier.  The  deviation 
is  the  complement  of  the  angle  at  s, 
X  =  — '•  tan  8 
This  term  becomes  positive  when  the  telescope  is  west  of 
the  pier. 

The  flexure  of  the  declination  axis  need  not  be  consid- 
ered, as  its  component  in  right-ascension  does  not  affect  the 
parallel,  and  its  component  in  declination  is  included  in  ^^. 

The  torsion  of  the  tube  we  assume  proportional  to  the 
component  of  gravity  taken  perpendicular  to  the  plane  of 
the  tube  and  declination  axis.  When  the  telescope  is  east 
of  the  pier  we  have 

X=  +/i(sin  qp  cos  8  —  cosqp  sin  8  cost) 

Substituting  the  observed  quantity  /  for  /x  sin  cp, 
X  =  +/  cos  8  —  /  cot  cp  sin  8  cos  t 

The  signs  are  changed  in  this  expression  when  the  tele- 
scope is  west  of  the  pier.  If  /'  sliould  be  appreciable  we 
should  have,  X  =  ±/'  sinr. 

Now  assume  a  fundamental  parallel,  or  setting  of  the 
position-circle,  p„,  the  error  of  which  we  are  to  compute 
for  any  position  of  the  telescope.  It  is  most  natural  to 
take  the  parallel  determined  by  the  trail  of  an  equatorial 
star  along  the  fixed  short  wire  of  the  micrometer  when  the 
telescope  is  east  of  the  pier,  and  in  the  meridian.  Then  X 
for  this  position  should  be  zero.  But  taking  the  sum  of 
the  above  equations  when  8  and  t  are  zero, 

\  =  i^  —  r}+f 
.  Therefore  subtracting  this  expression  from  the  sum  of  the 
above  equations  we  have  the- deviation  for  the  setting  jiy,„. 

Taking  the  sum  of  the  terms  which  are  independent  of 
the  position  of  the  telescope, 
(7a) 
A,  =  ■>;  —  h—f—y)  sec  8  cost+(^  sec8  — e  cos  go  tan  8)  sinr 

Taking  the  sum  of  the  terms  which  change  sign  when 
the  telescope  is  reversed  in  position, 

(7^-)     X„  =  I'l  sec 8  — c  tan 8+/ cos  8—/ cot  (jD  sin  8  COST 
Then  we  have. 


(7) 


X^  =  X|  +  X.,     ,     for  Telescope  East  of  Pier 
A.^  =  A.1  —  Xo     ,     for  Telescope  West  of  Pier 
These  designations  for  the  position  of  the  telescope  are 
not  sufficiently  general.     But  if  we  call  the  direction  of 


increasing  right-ascensions,  east,  for  any  given  part  of  the 
sky  at  which  the  telescope  is  pointed,  the  designation  be- 
comes general. 

In  order  to  avoid  laborious  computing  in  the  reduction 
of  observations  it  is  necessary  to  tabulate  the  values  of 
X^  and  X^.  It  will  be  sufficient  to  compute  them  for  every 
five  degrees  in  declination,  and  every  thirty  minutes  in 
hour-angle. 

The  value  of  p„  may  now  be  easily  deduced  from  obser- 
vations made  in  any  part  of  the  sky,  and  either  position 
of  the  telescope  by  adding  X  from  the  table,  and  a  cor- 
rection for  refraction,  to  the  observed  parallel.  By  taking 
many  observations  in  different  regions  of  the  sky,  in  differ- 
ent positions  of  the  instrument,  and  by  different  methods  we 
should  arrive  at  an  accurate  mean  value  of  /)„ ,  and  inci- 
dentally test  the  theory  of  the  constants.  The  stability 
of  p„  would  also  appear  with  continued  observing. 

Adopting  a  value  of  ]>„  we  are  ready  for  the  reduction 
of  observations.     For  position  angles  we  have 

p^=p  +  K-p„,  (8) 

in  which  ji^  is  the  true,  and  ])  the  observed  angle.  In 
satellite  work  where  many  observations  are  made  in  one 
neighborhood,^^™  should  be  derived  principally  from  parallel 
determinations  made  in  the  same  neighborhood.  In  this 
case  the  parallel  will  be  determined  by  the  trail  of  a  star 
on  the  long  wire  of  the  micrometer,  and  ^j„  will  be  reading 
of  the  position-circle  less  ninety  degrees. 

When  observing  by  rectangular  coordinates  the  position- 
circle  is  set  at/j„,  and  90°  +  j>„-     Then  we  have 

Ja\  =  Ja'  +  M    sin  X  ,q^ 

M^    =  z/8    -Ja'  sinX  ^^' 

in  which  Ja'^,  z/«',  are  the  true  and  observed  micrometer 
measurements  in  right-ascension,  not  reduced  to  the  equa- 
tor; z/8j,  z/8,  are  the  true  and  observed  measurements  in 
declination.  For  this  reduction  the  values  of  the  natural 
sine  of  X  in  units  of  the  fifth  decimal  place  should  be  tabu- 
lated for  every  five  degrees  in  declination,  and  thirty 
minutes  in  hour-angle. 

When  Ja  is  determined  by  transits  the  formulas  become 

Ja    =  Jet  +  yV  /!&  sin  X  sec  8  ,.. f,. 

M,  =  dl  ^^"^ 

The  values  of  -^-^  sinX  sec  8  should  be  tabulated  for  this 
reduction. 

These  instrumental  corrections  will  be  found  of  about 
the  same  magnitude  as  the  corrections  for  differential  re- 
fraction. But  there  is  some  degree  of  uncertainty  about 
them,  as  there  are  mechanical  imperfections  of  the  instru- 
ment, and  temperature  disturbances,  the  effect  of  which 
cannot  be  computed.  However,  the  action  of  the  known 
constants  is  positive,  and  observations  are  improved  with 
as  much  certainty  by  applying  the  above  corrections  as 
they  are  in  the  case  of  refraction. 
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The  stability  of  the  constants  for  the  26-inch  equatorial  may  be  seen  from  the  folio-wing  results: 


Date 

190-2 

July  13 
27 

Aug.     3 


Sept. 
Oct. 

Nov. 


1903 

Jan. 


Feb. 
Mar. 
Apr. 
June 


28 

9 

9 
17 
13 
21 
21 


Temp. 
Fall. 

69° 
76 
SO 
70 
67 
70 
51 
64 
56 


20 
U 


48 

70 


1  . 
+  116 
+  113 
+  115 
+  115 
+  121 
+  115 
+  116 


+  116 

+  114 
+  111 
+  114 
+  113 
+  113 


H—c 

-54" 

—  55 
-51 

—  55 

—  55 
—52 
-52 


-52 


—  0( 

-56 

-50 

—  55 
-53 


-71 
-73 
-73 
—  75 
-74 
-73 
-73 


-68 

-67 
-63 
-70 
-65 
-74 


from 
stars 


+  114 

+  107 
+  113 

+  115 

+  113 
+  114 


from 
coil's 


+  113 

+  113 

+  108 
+  119 


ecos  v 
from 

stars 


from 
coil's 


+  94 


+  96        +   2 


+  95        +  4 


Adopted 
Constants 

r,  =  +115' 
1=  -  72 
/,  —c  =  —  54 
c  =  +113 
1,=  +  59 
e  cos  qp  =  +      5 


+  10 
+   4 


+  98 
+96 


+   6 


The  collimators  used  in  the  above  determinations  of  c 
and  e  were  attached  to  the  dome  in  a  vertical  position,  and 
sighted  into  each  other  by  means  of  mirrors.  They  were 
very  unstable,  the  images  of  the  wires  moving  as  much  as 
ten  or  fifteen  seconds  vertically,  and  half  as  much  hori- 
zontally during  an  observation. 

TOKSION     OF     THE     TuBE     FROM      LEVELS     PLACED     ON     THE 
MiCROMETEK    BoX. 


Date 

1903 

July  13 
13 
24 

24 


Temp. 

74° 
75 
72 


+  0.022 
+  0.013 
+  0.014 
+  0.017 


./■' 

+  0°004 

+  0.002 

0.000 

+  0.002 


-94' 
-69 

-78 
-79 


Date 

Temp. 

f 

f 

i 

1503 

Q 

0 

0 

Uav    5 

+  0.021 

+  0.001 

-97 

26 

64 

+0.023 

-0.001 

-73 

uiie  25 

70 

+  0.017 

-0.004 

-81 

2(! 

68 

+  0.016 

0.000 

-80 

Adopt  /=  +0°.018.  For  these  determinations  the 
levels  were  fastened  to  the  micrometer  box  with  lead  wire. 
The  position-circle  was  read  by  careful  estimation  to  half- 
hundredths  of  a  degree,  the  verniers  reading  only  to 
fiftieths.  The  quality  of  the  observations  may  be  judged, 
aside  from  the  agreement  of  the  results  inf.  by  the  knowl- 
edge that  /'  should  be  zero,  and  the  value  of  ^  about 
-72". 


OX    THE    SPIRAL    CHARACTER   OF   THE    NEBULOSITIES    SURROUXDIXG 

y  CA88I0PEAE, 


Bv     J.     M.     SCU.VEI5ERLE. 


Half-hour  exposure  photographs  of  the  region  surround- 
ing y  Cassiopeae,  taken  with  the  13-inch  reflector,  show  that 
in  various  position-angles  and  at  various  distances  there 
are  rows  of  stars  connected  by  nebulous  streams  all  of 
which  seem  to  originate  in  y  Cassiopeae,  and  many  of  these 
streams  plainly  appear  to  return  to  the  star,  so  that  in 
their  course  other  streams  are  crossed  at  various  angles, 
producing  appearances  strongly  suggestive  of  similar  struc- 
tures to  be  found  in  the  Great  Cluster  in  Hercules.  Es- 
pecially is  this  the  case  near  the  beginning  of  the  3d  quad- 
rant where,  up  to  distances  of  more  than  15'  from  the 
central  star,  these  intersections  are  so  numerous  that  much 
confusion  of  detail  exists  in  this  region.  There  are  isolated 
patches  of  nebulosity  in  various  position-angles.  The  two 
known  objects*  lie  on  a  hea^'y  stream  wliich  seems  to 
leave  the  central  star  near  the  middle  of  the  3d  quadrant. 


•  First  photographed  by  Babnabd  and  Wolff. 


With  y  Cassiopeae  on  the  optical  axis  all  these  patches 
are  so  far  from  the  center  of  the  plate  that  considerable 
uncertainty  still  exists  for  the  regions  which  have  not  yet 
been  photographed  near  the  optical  axis.  With  this  axis 
half-way  between  the  two  -known  condensations,  a  broad 
nebulous  spiral-like  band  can  be  traced  from  near  the  be- 
ginning of  the  second  quadrant  (where  it  is  something 
more  than  a  quarter  of  a  degree  from  Gatnma)  through  the 
brighter  parts  of  the  two  known  objects,  on  towards  and 
nearly  up  to  the  naked-eye  star  in  the  4th  quadrant. 
Within  5'  of  the  optical  axis  this  band  appears  to  be  made 
up  largely  of  star-like  condensations,  each  surrounded  by 
a  nebulositj'  which  has  a  tendency  to  form  outlines  similar 
to  the  two  neighboring  nebulas ;  the  width  of  this  band 
varies  from  1'  to  5'  or  more.  A  second  fainter  band  from 
5'  to  7'  inside  of  and  nearly  parallel  with  the  one  just 
described  can  be  traced  from  the  middle  of  tl»e  1st  quad- 
rant well  into  the  4th  quadrant ;  its  outline  is  somewhat 
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irregular,  the  averaije  width  being  about  1',  and  the  dis- 
tance from  Gamnm  15' ±. 

A  composite  drawing,  made  witli  the  aid  of  niaiiy  nega- 
tives having  different  pointings,  covering  the  whole  region 
within  half  a  degree  of  y  Caxsiopme  will  be  required  be- 

Ann  Arbor,  December  Hi,  1903. 


fore  definite  conclusions  can  be  drawn  from  photographs 
having  such  a  limited  field  of  view.  During  the  past 
month  but  one  night  was  suitable  for  work  with  this  in- 
strument, and  owing  to  local  conditions  observations  can 
only  be  made  near  the  meridian. 


ON  THE  PHYSICAL  STJiUCTURE  OF   THE   GREAT   CLUSTER   IN   HERCULES, 

By  J.  iM.  SCHAEI5EKLE. 


Several  months  ago  a  few  photographs  of  the  cluster  in 
Herciden  were  taken  with  the  13-ineh  reflector  ;  these  nega- 
tives were  found  to  give  unmistakable  evidence  of  a  spiral 
structure  in  this  object.  Nebulous  streams  joining  certain 
stars  in  curved  lines  could  be  traced  up  to  the  very  center  of 
the  cluster.  The  puzzling  feature,  however,  was  that  there 
seemed  to  be  two  spirals,  the  more  pronounced  one  being 
clock-wise,  the  other  counter  clock-wise.  As  certain  other 
observations  were  demanding  attention  at  that  time,  the 
matter  was  laid  aside  with  the  intention  of  making  this 
cluster  a  special  study  when  it  again  got  into. good  position 
for  observation.  The  discovery,  however,  that  a  precisely 
similar  structure  on  a  much  larger  scale  exists  in  the  stars 
and  nebulosity  surrounding  y  Cassiopeae*  led  me  again  to 
examine  the  above  mentioned  negatives  with  the  result  that 
the  physical  structure  of  this  cluster  seems  to  be  very  simple. 

The  clock-wise  spiral  is  formed  by  the  inner  streams  of 
outgoing  iii2ittev;  the  seeming  counter  clock-wise  spiralis 
formed  by  that  part  of  each  stream  which  contains  return- 
ing matter.  The  plane  of  the  spiral  is  not  normal  to  the 
line  of  sight. 

My  interpretations  of  these  negatives  can,  perhaps,  best 
be  followed  with  the  aid  of  the  accompanying  figure  roughly 
deduced  from  the  photographs.  To  avoid  confusion  of 
detail,  streams  from  only  one  branch  are  represented  ;  the 
broken  lines  refer  to  the  seeming  counter  clock-wise  spiral. 
For  purposes  of  approximate  orientation  a  few  conspicuous 
star-images  are  inserted. 

Streams  with  the  greatest  velocity  (and  consequently 
least  density)  have  the  initial  direction  0.  All  outgoing 
streams  between  0  and  2  have  Velocities  still  too  great  to 
form  closed  curves.  Individual  masses  in  any  of  the  streams 
3  to  8  describe  orbits  in  which  the  minor  axes  are  nearly 
zero.  The  periodic  time  for  masses  in  stream  3,  for  in- 
stance, is  about  equal  to  three  fourths  of  the  time  required 
for  the  central  mass  to  make  one  complete  rotation  on 
its  a.^is. 

The  slower  moving  masses  in  streams  with  large  initial 
inclinations  to  the  normal  will  describe  orbits  of  less  eccen- 
tricity ;  a  number  of  these  are  seen  to  encircle  the  two 
branches  (in  the  shape  of  the  letter  S)  near  the  origin ;  and 

*  In  the  opinion  of  the  writer  a  majority  of  the  stars — both  bright 
and  faint — within  half  a  degree  of  yCasgiopeae  belong  lo  a  single 
physical  system. 


as  the  lower  branch  is  less  dense  than  the  upper,  these 
encircling  streams  give  a  horse-shoe-like  outline  to  this 
rather  conspicuous  central  nebulosity  ;  they  also  form  the 
outer  boundary  of  the  lanes  which  Lord  Ilossr,  first  ob- 
served, the  inner  boundary  being  formed  by  the  upper 
part  of  the  central  figure  S.  The  third,  nearly  radial  lane, 
is  included  between  streams  1  and  2,  returning  streams  also 
play  an  important  part  in  the  formations  at  this  place.  A 
similar,  less  conspicuous  structure  exists  oii  the  other  branch. 


The  star-like  masses  in  this  cluster  are  probably  of 
various  shapes  and  have  various  velocities  of  axial  rota- 
tion; this  seems  to  be  indicated  by  the  variations  in 
brightness  which  some  of  these  objects  are  known  to 
undergo. 

If  two  dot  tracings  of  the  figure  are  made  (the  distances 
between  the  dots  (star  images)  increasing  with  the  distance 
from  the  origin,  measured  on  the  curve)  and  one  of  these 
placed  upside  down  against  the  other  —  thus  giving  the 
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combination  for  both  branches  —  a  resemblance  between 
the  transparencj-  and  the  original  cluster  will  be  recog- 
nized. 

It  is  hoped   that  a  negative  suitable  for  enlargement, 
showing  the  essential  features,  will  be  obtained  when  this 
Ann  Arbor,  November  20,  1903. 


cluster  is  again  in  a  fayorable  position  for  observation.     It 

is  quite  probable  that  a  long  exposure  taken  with  a  suita- 
ble instrument  will  show  that  the  whole  cluster  is  but  the 
central  condensation,  made  up  of  the  heavier  masses,  of  a 
great  spiral  nebula. 


OBSERYATIOXS   OP   COMETS  AND   MINOR  PLANETS, 

MADK    WITH    TIIF.    12-IXCH    F.QUATOIilAL    AT   THE   U.S.  NAVAL   OBSEKVATORT, 

By  THEO  I.  KING. 
[Communicated  by  Rear- Admiral  C.  M.  Chester,  U.S.N.,  Superintendent.] 
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•This  observation  was  made  by  Sir.  .1.  C.  Hammond,  and  could  not  be  completed  on  account  of  clouds, 
t  Micrometrical  comparison  with  >|«2. 

PERIOD  OF   320    U  CEPIIEI, 

Bv  S.  0.  CHANDLER. 

serrations  whose  details  were  available  in  such  form  as  to 
enable  rae  to  determine  the  times  of  minima  on  a  homo- 
geneous plan,  independent  as  possible  of  the  peculiarities 
in  the  form  of  the  light-curve.  This  object  seemed  to  be 
best  secured  by  adopting  as  the  point  of  reference,  or  in- 


The  appearance  of  Mr.  Yendell's  paper  on  the  light- 
curve  of  U  Cephei,  in  the  last  number  of  this  journal, 
makes  timely  the  following  remarks  on  its  period.  A  new 
investigation  of  this  has  been  made  within  the  past  year. 
For  this  calculation  I  reduced  anew  all  the  series  of  ob- 
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stant  of  normal  minimum,  the  mean  of  the  times,  before 
and  after  minimum,  when  the  star  is  near  the  middle  of 
its  variation,  and  fluctuating  most  rapidly.  The  points 
selected  for  this  use  were  the  magnitudes  8.3  and  8.6.  The 
series  so  treated  embraced  the  observations  of  Kxott, 
WiLsiNo,  Yendkll,  Spkkka,  and  my  own.  Tlie  results 
were  grouped  to  form  normals,  as  follows  : 
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The  column  0— C  shows  the  representation  of  the  normal 
observed  times  by  the  elements,  * 

1880  June  23  7"  46"'.0(Gr.)   +   20  11"  49-"  44'.55  E 

It  may  be  concluded  from  this  comparison  that  during  the 
twenty-four  years'  interval  since  1880  there  has  been  no 
sensible  deviation  from  a  uniform  period.  On  the  con- 
trary, these  elements  give,  for  the  minimum  indicated  by 
Schwkkd's  observations  in  1828  (Epoch  —7636),  a  devia^ 
tion,  0  — C  =  +947"".  Unless,  therefore,  we  are  jirepared 
to  reject  this  indication,  the  period  cannot  be  con.stant.  1 
have  discussed  the  circumstances  relating  to  Scuwerd's 
data  in  A.J.  IX,  p.  50.  For  the  present  we  must  give  over 
the  attempt  to  ascertain  the  nature  of  the  inequality  of  the 
period,  and  rest  on  the  value  of  the  above  elements. 


•  These  values  differ  very  slightly  from  those  used  by  Yendell 
in  A.J.  .551  (p.  214),  (1880  .June  23'  "'■  43'".5  +  2'<  ll"  49'"  44'.7  E), 
which  were  furnished  him  before  I  had  incorporated  some  of  the 
recent  observations. 
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REVISION  OF  eleme:n^ts  of  third  catalogue  of  variable  stars. 

By  S.  C.  chandler. 


The  following  table  contains  a  revision  of  the  elements 
of  the  stars  contained  in  the  Third  Catalogue  of  Variable 
Stars  (A.J.  379),  utilizing  all  the  suitable  material  for  that 
purpose  that  has  been  published  since  that  Catalogue  was 
issued.  Little  explanation  is  needed.  The  headings  of 
the  columns  and  their  signification  are  the  same  as  in  the 
Catalogue  itself.  At  the  end  of  the  column  "  Elements 
of  Maximum"  an  asterisk  denotes  that  the  original  ele- 


ments have  been  retained  unchanged,  the  recent  observa- 
tions indicating  no  certain  correction  to  them.  In  the 
same  place  an  initial  letter  indicates  that  the  elements  rest 
on  some  other  authority,  as  detailed  in  the  notes  at  the 
end  of  the  table.  The  column  "  Basis  of  Elements  "  gives 
the  number  of  maxima  and  minima,  with  the  limiting 
dates,  of  the  data  used  in  the  determination. 


No. 

Star 

M—m 

Epoch 

Elements  of  Hasimam,  Greenwich  M.T. 
Period               Inequalities 

Basis  of  Elements 
M   \     III    1    Dates  incl. 

oo 

V  Sculpt. 

_ . 

241  1642* 

+  295^5 

E 

R 

5+ 

_ 

1890-1899 

62 

S  Sculpt. 

161  ? 

239  5578 

+  36().0 

E 

9  + 

- 

1846-1896 

103 

T  Androm. 

140 

239  8848 

+  281.0 

E 

12 

5 

1855-1901 

107 

T  Cassiop. 

247 

240  4540 

+  443.5 

E 

20 

13 

1842-1902 

110 

S  Tucanffi 

75: 

11344 

+  241 

E 

5: 

- 

1889-1899 

112 

R  Androm. 

120: 

0  0141 

+  410.3 

E 

+  30  sin  (12°  £+90°) 

27 

3 

1827-1903 

114 

S  Ceti 

145 

0  5159 

+  320.6 

E 

12 

3 

1872-1902 

146 

T  Sculpt. 

85 

1  1343 

+  202 

E 

5 

1 

1872-1S9S 

243 

U  Cassiop. 

100 

1  0253 

+  276.0 

E 

« 

9 

3 

1856-1896 

294 

W  Cassiop. 

208 

10559 

+  404 

E 

5 

5 

1887-1900 

320 

U  Cephei 

_ 

MiN.  1880 

June  23'»  7''  4c 

".0 

+  2''11''49"'44'.55  E 

_ 

79 

1880-1902 

401 

U  Sc-uipt. 

- 

241  0145 

+  328.0 

E 

R 

5 

- 

1886-1899 

419 

U  Androm. 

_ 

3192 

+  348 

E 

4 

_ 

1894 -1898 

4.".1' 

S  Cassiop. 

2S0 

0  1 1)03 

+  610.5 

E 

+  37  sin  (IS"  E  + 59°) 

19 

7 

1843-1901 

434 

S  Pisciuin 

103: 

0  L'0(»8 

+  404.3 

E 

+  18  sin(10°E+352°) 

13 

1 

1855-1896 

466 

U  Piscium 

83 

0  7721 

+  172.9 

E 

20 

11 

1879-1901 

513 

R  Piscium 

143 

0  2927 

+  344.3 

E 

23 

o 

1850-1901 

659 

X  Cassiop. 
U  Persei 

.      380  —  42 

0 

5 

2 

1894-1900 

678 

165 

2411353 

+  318 

E 

• 

13 

S 

1889  1900 

715 

S  Arietis 

165: 

0  4867 

+  292.2 

E 

Periodic  inequality 

• 

14 

1 

1848-1901 

7S2 

R  Arietis 

91.5 

0  2S49.0 

+ 186.55 

E 

+   7  sin  (^5°  E  + 235°) 

• 

53 

24 

1828-1902 

806 

o  Ceti 

125: 

1  5575.0 

+  331.693 

E 

+  17.5  sin(4°.56E  +  307 

'.2)  +  0)    G 

102 

_ 

1596-1900 

845 

R  Ceti 

70 

0  3028 

+  167.0 

E 

Periodic  inequality 

• 

28 

5 

1794-1901 

893 

UCeti 

122  : 

0  9522 

+  235.8 

E 

• 

14 

2 

1877-1903 

906 

R  Triang. 

123 

1  1631 

+  268.0 

E 

10 

6 

1889-1900 

(')  +  II..-.  sin(:J°.85  R+124°.l)  +  12"'.3  sin(0°.r2  E+-l°.8)  +9.5  sin  (I°.4  E+24r,°.S) 


0) 


THE     A  S  '1'  U  U  N  U  M  I  C  A  L     J  O  U  11 N  A  L  . 


N»  -,-.3 


Elements  of  Maximum.  Greenwich  M.T. 

Basis  of  Elements 

No. 

star 

M — m 

Epoch 

Period 

Inequalities 

M 

m 

Dates  inc'l. 

976 

T  Arietis 

127 

240  5249 

d 
+  313 

E 

* 

13 

10 

1871    1903 

1018 

■R  Horologii 

154 

11179 

+405 

E 

R 

- 

- 

1893-1899 

lOitO 

13  Persei 

- 

Min.  1888 

Jan.  3'^  8"  11'".2  +2"  20"  48'"  55'.6  E  +  (-) 

565 

1782-1901 

1113 

U  Arietis 

- 

241  2406 

+  370 

E 

10 

- 

1892-1903 

1166 

XCeti 

76 

11401 

+  182 

E 

11 

2 

1890-1903 

1222 

R  Persei 

96 

01039 

+  210.3 

E   +15  sin  (8°  E+ 120°) 

35 

7 

1833-19(10 

1357 

U  Eridani 

124  : 

10199 

+  239 

E 

5 

1 

1886-1897 

1386 

T  Eridani 

110: 

1 1323 

+  251 

E 

5 

1 

1889-1898 

1411 

A.  Tauri 

_ 

Min.  1887 

Dec.  6"'  11" 

57-"  +3"  22"  52'".2  E     Per.  Ineq. 

* 

_ 

60 

1796-1902 

1577n 

R  Tauri 

140: 

01262 

+  325 

E 

* 

28 

3 

1798-1903 

1582 

S  Tauri 

70: 

0  0455 

+  380.0 

E    -0.15  Jv 

21 

2 

1855-1903 

1623 

T  Camelop. 

- 

12091 

+  370 

E 

* 

8 

2 

1891-1903 

1635 

R  Reticuli 

- 

2401907 

+  279.5 

E 

5  + 

- 

1864-1899 

1654 

R  Doradus 

100 

0  9960 

+  345 

E       Irregular 

R 

_ 

_ 

1886-1899 

1662 

R  Caeli 

- 

15258 

+398 

E 

R 

- 

- 

1893-1899 

1701 

R  Pictoris 

_ 

1  5080 

+  i(;o 

E       Irregular 

R 

_ 

_ 

1896-1899 

1717 

V  Tauri 

92 

0  5060 

+  170.1 

E 

27 

9 

1826-1903 

1761 

R  Orionis 

168 

239  8676 

+  378.5 

E       Periodic  inequality 

15 

4 

1846-1901 

1771 

R  Leporis 

212 

240  1936.7 

+  436.1 

E       Periodic  inequality 

* 

20 

14 

1855-1897 

1800 

AV  Orionis 

16 

1  4708.0 

+  32.32 

E 

R 

7 

8 

1899-19(12 

1803 

T  Leporis 

_ 

1 1343 

+  360 

E       Irre':;ular 

« 

7 

_ 

1889-1898 

1805 

V  Orionis 

125 

11778 

+  267 

E 

8 

2 

1856-1902 

1850 

S  Pictoris 

13162.5 

+  428.5 

E 

8  + 

- 

1873-1899 

1855 

R  Aurigae 

235 

01486 

+  4.58.6 

E   +19  sin(12°E  +  228°) 

24 

14 

1862-1902 

1894 

T  Columbae 

105 

11272 

+  225 

E 

R 

7  + 

1 

1873-1899 

1944 

S  Orionis 

194 

0  4095 

+  413 

E       Large  irregularity 

* 

15 

6 

1863-1897 

1981 

S  Camelop. 

162: 

12285 

+  328 

E?     Large  irregularity 

7 

4 

1892-1902 

2013 

U  Aurigae 

_ 

1  1753 

+  40.~).5 

E 

8 

1891-1903 

2059 

S  Columbae 

1  0574 

+  327 

E 

2  + 

- 

1887-1899 

2080 

R  Columbae 

- 

320- 

330  •.' 

- 

- 

- 

2100 

U  Orionis 

148 

0  9877 

+  .375 

E 

# 

18 

9: 

1 885-1903 

2141 

R  Octantis 

_ 

1  5170 

-1-330 

E 

R 

_ 

- 

1895-1899 

2213 

T)  Geminor. 

_ 

Mm.  24025 

46  +  231.4 

E       Period  increasing  ? 

- 

16 

1844-1898 

2258 

V  Aurigae 

_ 

.        320*- 

340'» 

6 

5 

1886-1897 

2266 

V  Monoc. 

160: 

osWs" 

+  332.0 

E 

* 

9 

3 

1853-1903 

2279 

T  Monoc. 

7.93 

0  9633.6f 

+   27.0122  E 

Y* 

_ 

- 

1884-1902 

2445 

W  Monoc. 

_ 

10617 

+  262.5 

E 

H* 

4 

1887-1897 

2478 

R  Lyncis 

186 

0  5796 

+  379.2 

E   +14  sin(15°E  +  270°) 

20 

13 

1874-1902 

2509 

^  Geminor. 

5.015 

1  0640.6C 

+ 10.15382  E 

* 

- 

- 

- 

2528 

R  Geminor. 

121 

0  3370.0 

+  370.2 

E    +35  .sin  (6°  E  + 78°) 

* 

22 

10 

1796-1899 

2530 

V  Can.  min. 

_ 

11266 

+  364 

E 

P* 

3 

_ 

1889-1895 

2539 

R  Can.  min. 

130: 

0  0089 

+  337.7 

E 

* 

21 

2 

1796-1897 

2583 

L„  Puppis 

59 

0  4876 

+  140.2 

E 

9  + 

3+ 

1872-1899 

2610 

R  Can.  Maj. 

_ 

MiN.  1887 

Mar.  26"  15* 

18"'  +1"3"15"'46^0E 

* 

- 

37 

1887  1902 

2625 

V  Geminor. 

132 

0  7754 

+  276 

E 

* 

16 

3 

1857-1901 

2676 

TJ  Monoc. 

18.0 

0  5275 

+   46.10 

E       Periodic  inequality 

* 

52 

45 

1873-1902 

2684 

S  Can.  min. 

164 

0  1629 

+  330.3 

E   +20  sin  (12°  E+ 30°) 

* 

18 

7 

1856-1901 

2691 

T  Can.  min. 

_ 

0  4138 

+  322.7 

E       Periodic  inequality  ? 

* 

11 

- 

1854-1899 

2735 

U  Can.  min. 

175 

240  7760 

+  410 

E       Large  irregularity 

* 

8 

10 

1880-1901 

2742 

S  Geminor. 

120: 

239  7546 

+  293.8 

E 

24 

1 

1848-1901 

C^)  :  +147"'  sin  (0°.024  E+226°)  +  22d>  sin  (J,  E+216°) 
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Elements  of  Maximum,  Greenwich  M.T. 

j 

Basis  of  Elements         | 

No. 

Star 

M—m 

Epoch 

Period                Inequalities 

.1/ 

m     [    Dates  incl. 

2776 

W  Puppis 

54 

241  3628.4 

+  120*8         E 

R 

3  + 

1+     1896-1899 

2780 

T  Ge minor. 

_ 

239  6369.5 

+  288.1        E 

« 

20 

-     1848-1903 

2815 

U  Geniinor. 

_ 

241  5029 

+  80.3        E 

- 

-       1901 

2852 

V  I'uppis 

_ 

Mm.  1900  Jan.  l"  5"  5'"  +  1"  10"  54'"  26'.7  E 

R 

- 

-     1891-1899 

2857 

U  Puppis 

- 

240  8148 

+  315           E 

* 

6 

-     1881-1899 

2946 

R  Cancri 

125: 

239  7553 

+  362          E   +r,0  siiH(;=  l-:+l  14=1 

24 

1     1830-1901 

2976 

V  Cancri 

116 

40  4568 

+  272.1        E 

15 

6  1  1855-1901 

3040 

V  Carinae 

2.16 

1  5026.78 

+     6.0951  E 

R 

- 

-     1892-1899 

3055 

X  Carinae 

_ 

Min.  1900  Jan.  1"  2"  44">   +  12''  59'"  29\9  E 

R 

- 

- 

1893-1899 

3060 

U  Cancri 

- 

239  7962 

+  305           E 

m 

19 

-1 

1853-1900 

3087 

T  Velorum 

1.40 

41  5022.78 

+     4.6392  E 

R 

- 

- 

1892-1899 

3109 

S  Cancri 

_ 

Min.  1867  Au 

g.  31"  14"  2"'.89  +  9''  11"  37'"  45'  E 

S* 

- 

- 

-      1892 

3128 

R  Rvxidis 

_ 

241 1350 

+355           E   V 

« 

9 

1 

1851-1895 

3170 

S  Hydrae 

100 

239  9379 

+  256           E       Periodic  inequality 

24 

3 

1852-1901 

3184 

T  Hydrae 

- 

39  9739 

+  288.8        E 

* 

22 

- 

1851-1900 

3186 

T  Cancri 

Min.  239  9706+482           E 

* 

- 

10     1858-1905 

3264 

W  Cancri 

_ 

241 1694 

+  383           E 

8 

-    1890-1901 

3355 

W  Carinae 

0.97 

15021.64 

+     4.3709  E 

R 

- 

- 

1S92-1899 

3407 

S  Antliae 

_ 

Min.  1888  Aj 

r.l3''12"33'".0  +01  7"46'"  48MS  E 

- 

72 

1888  1902 

3416 

S  Velorum 

- 

Mm.  1900  Jan.  1"  3"  44-"  +5^  22"  24'"  21M  E 

R 

- 

_  1 

1894-1899 

3417 

U  Velorum 

30 

241  5078 

+   62           E       Irregular 

R 

- 

- 

1894-1899 • 

3418 

R  Carinae 

136 

0  4653 

+  309.5        E    H-  25  sin  (9°  E  +  279°) 

* 

20 

14 

1752-1897 

3425 

X  Hydrae 

_ 

1  2180 

+  296           E 

P* 

2 

1 

1895-1896 

3477 

R  Leo.  min. 

165 

0  2308 

+  370.5        E    +20  sin(10°E+300°) 

* 

19 

7 

1796-1897 

3493 

R  Leonis 

144 

236  2907 

+  312.8         E        Periodic  inequality 

* 

54 

19  1 

1757-1901 

3495 

1  Carinae 

13 

240  4637.4 

+   35.520    E 

37 

7 

1871-1903 

3567 

V  Leonis 

- 

0  8545 

+  273.1        E 

12 

- 

1855-1903 

3569 

RR  Carinae 

_ 

365                     or  irregular 

R 

- 

- 

-         - 

3637 

S  Carinae 

86 

"  0  4922 

+  148.7        E 

* 

4+ 

3+ 

1874-1899 

3662 

Z  Carinae 

- 

15276 

+  394.0        E 

R 

- 

- 

1895-1899 

3777 

Y  Carinae 

1.07 

1  5021.40 

+      3.6401  E 

R 

- 

- 

1893-1899 

3825 

RUrs.  Maj. 

110 

239  7949 

+  302.1        E   +11  sin(8°E+238°) 

54 

29 

1843-1902 

,  3922 

U  Carinae 

5.5 

241  5034.0 

+  38.7397    E 

R 

- 

-    1891-1899 

1  3994 

S  Leonis 

93: 

0  0752 

+  189.5        E       Periodic  inequality 

27 

1     1859-1901 

4225 

X  Centauri 

140 

2411150 

+  314.0        E 

• 

6+ 

2  1 1889-1899 

4260 

W  Centauri 

2411134 

+  203.0        E 

5  + 

-  i  1889-1899 

4315 

R  Comae 

120: 

239  9304 

+  361.8        E 

16 

1    1831-1903 

4364 

S  Muscae 

3.45 

2415029.18 

+     9.657    E 

R 

- 

-    1891-1899 

4377 

T  Virginia 

153: 

0  0891 

+  339.5        E 

12 

2    1861-1901 

4407 

R  Corvi 

0  3476 

+  318.5        E       Periodic  inequality 

• 

16 

-  i 1796-1901 

4415 

T  C  rue  is 

2.07 

1  5028.32 

+     6.7322  E 

R 

- 

- 

1893-1899 

4429 

R  Crucis 

1.40 

1 5027.39 

+      5.82485  E 

R 

- 

1 

1  1891-1899 

4488 

U  Centauri 

106? 

1  5046 

+  216.8        E 

R 

- 

- 

1895-1899 

1  4492 

Y  Virginis 

85: 

0  8880 

+  218.8        E 

• 

8 

2 

i  1883-1899 

4511 

TUrs.  Maj. 

107.5 

0  0705.8 

+  257 .2        E    +  20  sin  (9°  E  +  90°) 

• 

49 

28 

1843-1903 

4521 

R  Virginis 

68.5 

238  1934.8 

+  145.47      E    +20sin(!!°E  +  216'')+O 

• 

81 

30 

1809-1901 

4536 

R  Musoae 

0.26 

240  4656.60 

+     0.88247E 

- 

- 

1871-1899 

4557 

SUrs.Maj. 
U  Virginis 

108 

0  0571 

+  226.5        E   +35  sin(5°.4E  +  194°) 

71 

49 

1790-1903 

1  4596 

88 

0  2784 

+  206.92      E   -0.006  E' 

27 

8 

1813-1902 

4611 

S  Crucis 

1 .49 

1  5026.92 

+      4.6S989E 

R 

" 

1891-1899 

O  +4.8sin(V°+343°) 
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Elements  of  Maximum.  Greenwich  M.T. 

Basis  of  Kleincnts         1 

No. 

Star 

M—m 

Epoch 

Period 

Inequalities 

• 

M    1 
51 

m    <    Dates  incl. 
51  !  1866-1895 

4805 

W  Vii-ginis 

8.20 

240  2708.27 

+    17.2711  E 

4816 

V  Vir<4iuis 

_ 

00456.5 

+  250.5        E 

» 

19 

- 

1857-1900 

481*6 

11  Hydrae 

190 

11931.0 

+  425.15      E 

-0.36  E=+  15  sin  (7°.5  E+202 

°)  * 

27 

6 

1 784-1 89.S 

4847 

S  Virginis 

157: 

239  7507 

+  376.9        E 

Periodic  inequality 

24 

2 

1795-19(Mi 

4896 

T  Centauri 

46 

241  2985 

+   91.5        E 

5  + 

3+ 

1894-189'.' 

4940 

W  Hydrae 

_ 

11061 

+  384           E 

* 

8 

_ 

1875-1897 

4948 

11  Can.  Yen. 

_ 

1  0742 

+  333           E 

8 

_ 

188.S-1899 

5037 

RR  ^'irgiIns 

_ 

0  7483 

+  217           E 

* 

11 

- 

1873-1899 

5070 

Z  Virginis 

_ 

0  7851 

+  307.5        E 

10 

1 

1855-1900 

5095"^ 

R  Centauri 

GO: 

0  4573 

+ 160.5        E 

* 

8 

3 

1871-1892 

5156 

X  Bootis 

121.5? 

* 

_ 

_ 

_         _ 

5157 

S  Bootis 

132 

0  1606 

+  270.0        E 

+  60  sin(3°.6  E  +  358°) 

45 

22 

1790-1902 

5174 

RS  Vjrginis 

_ 

11510 

+  355           E 

9 

_ 

1890-1902 

5190 

K  Camelpp. 

142 

0  3987 

+  269.5        E 

+  65  sin(4''E  +  218°) 

46 

22 

1862-1903  ! 

5192 

V  Centauri 

1.47 

1 5025.52 

+     5.49394E 

R 

- 

- 

1894-1899 

5194 

V  Bootis 

102 

0  9419 

+  256           E 

D* 

17 

9 

1880-1902 

5237 

R  Bootis 

101.5 

2399842 

+  223.3        E 

+  9  sin  (9°  E  +  117°) 

39 

20 

1858-1901 

5249 

V  Librae 

119: 

240  8579 

+  255.2        E 

7 

2 

1880-1900 

5321 

S  Lupi 

_ 

1 1951 

+  345           E 

5  + 

_ 

1891-1899 

5338 

U  Bootis 

95 

0  7778 

+  177.5        E 

Large  irregularity 

20 

12 

1857-1902 

5374 

S  Librae 

Min.  1867  Oct.  25"  9''  17-.5 

+  2"  7"  51"'  22».8  E 

* 

_ 

99 

1797-1902 

5396 

S  Apodis 

_ 

241 5196 

+  298.0        E 

R 

- 

- 

1898- 1899 

5402 

TTri.aus. 

_ 

0.98 

- 

- 

~ 

5405 

RT  Librae 

_ 

241  3035 

+  252           E 

7 

_ 

1853-1903 

5430 

T  Librae 

105 

0  7105 

+  238           E 

• 

8 

3 

1878-1900 

5438 

Y  Librae 

— 

00949 

+  272           E 

♦ 

8 

_ 

1861-1899 

5465 

R  Tri.  aus. 

1.01 

0  4623.71 

+     3.38922E 

- 

_ 

1871-1899  [ 

5484 

U  Coronae 

_ 

Min.  1870  Mar.  25"  9"  30-" 

+  3"  10"  51-  11".7  E  +  (i) 

- 

56 

1858-1903  1 

5494 

S  Librae 

93 

240  5692 

+  192.1        E 

« 

12 

2 

1853-1903 

5501 

S  Serpentis 

- 

238  8724 

+  368.5        E 

+  116  sin  (4°  E  +  62°) 

39 

- 

1794-1903 

5504 

S  Coronae 

120 

240  0647 

+  361.2        E 

+  8  sin  (12°  E  + 327°) 

38 

11 

1860-1902 

5511 

RS  Librae 

130: 

11190 

+  221           E 

9 

2 

1889-1903 

5566 

RU  Librae 

_ 

320  ? 

6 

_ 

1888-1901 

5583 

X  Librae 

80 

0  7183 

+  163.6        E 

* 

17 

1 

1878-1898 

5593 

W  Librae 

- 

0  7126 

+  205.5        E 

11 

-  ,  1878-1897 

5601 

S  Urs.  min. 

156 

1  1623 

+  325           E 

9 

5 

1890-1900 

5617 

U  Librae 

_ 

05363 

+  226.2        E 

Periodic  inequality 

* 

12 

- 

1849-1896 

5644 

Z  Librae 

_ 

0  7109 

+295           E 

« 

7 

_ 

1878-1898 

5675 

V  Coronae 

171 

0  7279 

+356.5        E 

* 

17 

7 

1857-1901 

5677 

R  Serpentis 

151 

238  8491 

+  357.2        E 

+  35  sin  (4°  E  + 48°) 

39 

7 

1783-1902 

5682 

R  Lupi 

117? 

241  5024 

+  234.5        E 

R 

_ 

1896-1899 

5688 

R  Librae 

_ 

2399800 

+  242.4        E 

8 

_ 

1858-1903 

5704 

RR  Librae 

_ 

240  9703 

+  276.7        E 

9 

- 

1851-1903 

5713 

S  Tri.  aus. 

2.10 

1  5023.41 

+     6.3231  E 

R 

_ 

_ 

1892-1  .S99 

5750 

TJ  Tri.  aus. 

0.63 

.    15022.02 

+     2.5683  E 

R 

- 

- 

1892-1899 

5758 

X  Herculis 

60 

1 1541 

+   93.5        E 

Periodic  inequality 

14 

14 

1890-1899 

'  5761 

Z  Scorpii 

_ 

05292 

+  370           E 

* 

11 

- 

1854-1895 

5768 

RR  Herculis 

_ 

13149 

+  238           E 

? 

4 

_ 

1894-1897 

5770 

R  Herculis 

_ 

0  2440 

+  317.7        E 

+  17  sin  (10°  E +322°) 

29 

- 

1825-1902 

5776 

X  Scorpii 

- 

0  6364 

+  199.0        E 

* 

11 

- 

1876-1897 

«  + 

80'°sin(0''.06E+78 

°) 
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Elements  of  Sraxiinum,  Greenwich  M.T. 

Basis  of  Elements 

No. 

Star 

M — TO 

Epoch                        Period                Inequalities 

if 

m         Dates  incl. 

r,79r, 

W  Scovpii 

130: 

240  6401           +221.5        E 

1.-. 

2    1876-1899 

.-,823 

S  Normae 

4.4 

1  5029.45     +     9.7525  E 

n 

_ 

-    1892-1899 

r),s3() 

R  Scorpii 

_ 

01594          +224.1        E 

27 

-    1839-1900 

5831 

S  Scorpii 

'  _ 

239  2162.4       +176.7        E 

* 

31 

-    1837-1900 

r,SoG 

W  Ophiuchi 

- 

240  8276          +329.8        E       Period  decreasing? 

6 

-    1823-1900 

5887 

V  Ophiuchi 

176: 

05660          +302.5        E       Periodic  inequality 

13 

2 

1874-1901 

58S9 

U  Heiculis 

171 

00708          +411.1        E       +.0225  E--. 0035  E^ 

20 

8 

1825-1902 

5903 

Y  Scorpii 

- 

0  6438          +3(55           E 

5 

- 

1876-1900 

5928 

T  Ophiuchi 

_ 

240  0507          +361           E? 

* 

5 

_ 

1860-1883 

5931 

S  Ophiuchi 

- 

239  9495          +233.8        E 

♦ 

11 

- 

1857-1903 

5949 

E  Arae 

_ 

Mm.  1900   Jan.  5"  7''  35"'   +4"  lO"  12"-  7«.9  E 

E 

_ 

_ 

1891-1899 

5950 

W  Herculis 

128 

240  7537          +280.2        E   +26  sin  (13°  E +354°) 

19 

7 

1857-1902 

5955 

R  Draconis 

108 

0  6715.8       +245.6        E 

32 

20 

1797-1902 

(;()05 

S  Draconis 

- 

Irregular  period 

6 

3 

1892-1897 

(5044 

S  Herculis 

152 

2399197          +308.3        E   +35  sin  (9°  E  +  86°) 

31 

14 

1840-1902 

6050 

ES  Scorpii 

_ 

300-330            Irregular  period 

_ 

_ 

1873-1899 

(5062 

RR  Scorpii 

130: 

2410446          +282           E 

7  + 

1  + 

1846-1899 

(5071 

RV  Scorpii 

1.41 

241 5026.04     +     6.0622  E 

R 

_ 

_ 

18.34-1899 

6132 

R  Opliiuchi 

_ 

239  9507           +302.2        E 

13 

_ 

1842-1900 

(1170 

RW  Scorpii 

2411412           +387            E 

« 

5+ 

- 

1890-1899 

61 S9 

U  Opliiuchi 

MiN.1881  July  17n5"32'"  +  20''7"'.6903  E-3"\Ot  +  0-''.3t;ft  = 
2412590          +348           E 

1000  y 

_ 

138 

1863-1902 

6207 

Z  Ophiuchi 

168 

3 

6 

1893-1899 

6225 

RS  Herculis 

_ 

13774           +223           E 

9 

2 

1896-1902 

6275 

S  (Jetantis 

107  ? 

15094           +265           E 

R 

_ 

_ 

1898-1899 

6331 

RU  Scorpii 

- 

1  1229          +378           E 

5  + 

- 

1889-1899 

63(58 

X  Sagittarii 

2.896 

0  4291.78     +     7.01 185E 

« 

404 

381 

1866-1896 

6404 

y  Ophiuchi 

6.22 

0  8694.25     -+-    17.1207  E 

* 

55 

53 

1882-1899 

6442 

Z  Herculis 

_ 

MiN.  1894  July  28M1"  8"'.2  +3"  23'-  49"'.545  E  (») 

H* 

_ 

_ 

_         _ 

6449 

T  Draconis 

182 

13173          +426           E 

" 

7 

1894-1902 

6472 

W  Sagittarii 

3.00 

0  2849.45     +     7.5946  E 

• 

394 

372 

1866-1899 

6500 

R  Pavonis 

109? 

15106          +229           E 

E 

_ 

_ 

1893-1899 

(5512 

T  Herculis 

79 

03399          +165.0        E    +10  .sin  (5°  E+ 110°) 

51 

31 

1856-1902 

6546 

RS  Sagittarii 

_ 

MiN.  1871  Sept.  5-'  16"  0"-    +2*  9"  58"'  36'.0  E 

« 

- 

_ 

1871-1899 

6573 

Y  Sagittarii 

2.10 

2410175.10     +     5.7734  E 

96 

96    188(5-1899 

(5608 

RV  Sagittarii 

- 

1  1214          +320           E 

6 

- 

1889-1899 

(5613 

d  Serpentis 

_ 

8.72 

Y* 

_ 

_ 

_         _ 

(!624 

T  Serpentis 

_ 

0  0909          +341.8        E 

19 

- 

1861-1901 

6636 

U  Sagittarii 

2.97 

0  4245.0       +     6.7446  E 

- 

- 

- 

186(5-1899 

6682 

X  Ophiuchi 

208 

10061           +335           E 

'.1 

5 

1854-1900 

(5733 

R  Scuti 

...     .    .              71.1                  Large  irregularity 

- 

- 

6758 

13  Lyrae 

MiN.  1855  Jan.  6".604  +  12''.90S009  E  +  3''.855  <'-'«.047 /» 

0  * 

_ 

67(;(i 

K  Pavonis 

4.0 

240  4765,0        +      9.102    E 

• 

- 

- 

1S71    1899 

6794 

R  Lyrae 

22.7 

1 0559.3       +   4(5.4        E       Large  irregularity 

• 

22 

24 

1887-1894 

6811 

R  Cor.  aus. 

40? 

1 5050          +   89.2        E       Large  irregularity 

E 

_ 

1896-1899 

6849 

R  Aquilae 

138 

239  9163           +355.0        E   -0.63  E-+0.005  E» 

22 

9 

1854-1902 

6854 

Y  Aquilae 

.    .    .          Not  variable 

_ 

_ 

_         _ 

6871 

V  Lyrae 

139  : 

2412705           +375            E 

8 

2 

1893-1901 

(;892 

RX  Sagittarii 

_ 

1  3102          +332           K 

5 

_ 

1894-1902 

6894 

S  Lyrae 

115: 

12(554           +218            E 

S 

1 

1893-1900 

6900 

W  Aquilae 

- 

1  2656          +480           E 

4 

- 

1893-1898 

(')  Sec.  mill.  Jo''  later.        (-)  Where  (■  =  T(^-     Pannkkoek's  elements  :  Secondary  minimum  midway. 
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No. 

Star 

M  —  m 

Elements  of  Maximiira,  Greenwich  M.T. 

Basis  of  Elements 

Epoch                        Period                Inequalities 

if 

m 

Dates  Incl. 

6903 

T  Sagittarii 

_ 

240  2869''          +375'.8        E   +0.50  E- 

11 

_ 

1865-1898 

6905 

R  Sagittarii 

138 

02796          +269.0        E   +18  sin  (10°  E+320°) 

20 

3 

1849-1901 

6921 

S  Sagittarii 

102: 

02865          +230.7        E    +15  sin  (10°  E+110°) 

16 

1 

1863-1900 

6923 

Z  Sagittarii 

226: 

10865          +452           E 

• 

5 

1 

1888-1899 

6943 

T  Sagittae 

- 

ir,5'.' 

- 

- 

- 

6984 

U  Aquilae 

2.18 

10170.15      +      7.0240  E 

« 

121 

99 

1886-1899 

7045 

li  Cygni 

157 

239  8504          +425.9        E    +0.01  E- 

33 

14 

1S17-1902 

7077 

T  I'avonis 

_ 

241112G          +244           E 

5 

_ 

1893-1899 

708A. 

RT  Cygni 

88 

10514          +190.5        E 

19 

15 

1877-1900 

7 106 

S  Viilpec. 

26.5 

0  2239           +   07.5        E        Periodic  inequality 

« 

51 

47 

1836-1895 

7118 

X  Aquilae 

_ 

12690          +348           E 

* 

G 

-    1854-1897  1 

7120 

X^  Cygni 

171.5 

236  5136.5       +406.02      E    +.0075  E-=+25  sin(5°  E  +  272° 

)    * 

96 

16 

1687-1902 

7122 

S  Pavonis 

_ 

389? 

- 

_ 

- 

7124 

1)  Aquilae 

2.25 

239  6108.625   +   7.176381E 

S* 

- 

_ 

- 

7139 

ER  Sagittarii 

140: 

2412002          +338           E   ? 

♦ 

3 

4 

1879-1892 

7149 

S  Sagittae 

3.40 

0  6602.00     +     8.38320E 

* 

87 

84 

1876-1899 

7151 

RU  Sagittarii 

94 

15220          +239           E 

R 

_ 

_ 

1896-1899 

7155 

RR  Aquilae 

_ 

1 3327          +395           E 

9 

_ 

1888-1902 

7162 

RS  Aquilae 

_ 

0  3775          +406           E 

6 

1 

1888-1901 

7192 

Z  Cygni 

125: 

1 0342          +265           E 

* 

11 

4 

1887-1897 

7220 

S  Cygni 

163 

0  2419          +323           E   +0.015  E-     Large  irregularity 

43 

5 

1841-1902 

7234 

R  Capric. 

_ 

0  0391           +344           E        Systematic  irregularity 

15 

- 

1859-1900 

7242 

S  Aquilae 

72 

0  2553           +146.7        E        Secondary  phases 

« 

29 

29 

1855-1897 

7245 

R  Telescop. 

_ 

1 5331           +372           E 

R 

_ 

_ 

1896-1899 

7252 

W  Capric. 

87: 

0  4985          +208.0        E 

13 

1 

1872-1898 

7257 

R  Sagittae 

17.0 

0  0358.5       +   70.56      E    +G.5  sin  (2°.25+47'')  (') 

66 

169 

1859-1897 

7260 

Z  Aquilae 

65 

13131          +127.2        E 

10 

3 

1876-1899 

7261 

R  Delpliini 

130: 

0  2490          +284.4        E    +26  sin(9°  E+200°) 

17 

2 

1851-1902 

7266 

RT  Sagittarii 

130? 

1 5182          +301           E 

R 

_ 

_ 

1896-1899 

7299 

U  Cygni 

229 

0  4596           +4G1.3        E       Systematic  irregularity 

21 

18 

1871-1902 

7399 

W  Delphini 

_ 

MiN.  1896  Jan.  5"  13".7  +4"  19''  21'".2  E 

P* 

_ 

_ 

_ 

7404 

R  Microsc. 

64 

2413510.6       +138.8        E 

P* 

4 

- 

1889-1897 

7428 

V  Cygni 

220 

240  8244          +418           E 

* 

10 

2 

1857-1896 

7431 

S  Delphini 

118 

240  2621           +277.5        E 

* 

21 

13 

1863-1902 

7437 

X  Cygni 

6.8 

10190.90     +    16.3855  E 

« 

120 

117 

1886-1901 

7444 

T  Delphini 

_ 

0  2133           +331.2        E 

* 

19 

0 

1855-1901 

7448 

W  Aquarii 

- 

- 

- 

-         - 

7450 

V  Aquarii 

- 

- 

- 

- 

7455 

U  Capric. 

_ 

2399573.5       +202.5        E    +20  sin  (5°  E+ 285°) 

15 

- 

1852-1899 

7456 

RR  Cygni 

- 

- 

- 

7458 

V  Delphini 

_ 

2411722          +540           E 

# 

6 

1890-1899 

7468 

T  Aquarii 

88 

01096          +203.3        E   +8  sin  (7°.5  E  +  255°) 

« 

25 

6 

1794-1898 

7482 

U  Pavonis 

_ 

11924          +288           E 

5 

_ 

1891-1899 

7483 

T  Vulpec. 

1.41 

0  9849.01      +     4.43578E 

L 

_ 

_ 

1885-1899 

7488 

Y  Cygni 

(  Even  1886  Dec.  9"  11"  31"'.0   +1''  11"  57"'  26M  E  ) 
^^^^^-  \  Odd    1886  Dec.  9''    9"  24™.3   +1"  11"  57"'  18'.0  E  f 

D 

7492 

RZ  Cygni 

137 

1 2662          +280           E 

6 

3 

1893-1899 

7495 

SIndi 

- 

1 5400          +405.7        E 

R 

_ 

- 

1896-1899 

7502 

X  Delphini 

120: 

13450          +277           E 

6 

2 

1895-1902 

7544 

T  Octantis 

55 

15021           +205           E 

R 

_ 

- 

1 896-1899 

7560 

R  Vulpec. 

62.0 

0  2500          +136.8        E    +18  sin  ('4°.5  E+61°) 

42 

11 

1807-1902 

(')  Secondary  max.  and  min.  follow  principal  max.  and  min.  So'^  and  33'*,  respectively. 
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THE     AS 


807;5 
8153 
8230 
S21)(l 
8324 

83r>9 
8373 
8512 
8588 
8591 

8504 
8597 
8598 
8(1(10 
8(504 
8(i22 


V  Capric. 
X  Capric. 

Z  Capric. 
T  Cephei 
T  Capvic. 

V  Capric. 
W  Cygui 

S  Cephei 
RU  Cygni 
RV  Cygni 

R  Gruis 

V  Pegasi 
U  Aquarii 

S  Pise.  aus. 
T  Pegasi 

R  Pise.  aus. 
X  Aquarii 
T  Gruis 
S  Gruis 
S  Lacertae 

8  Cephei 
R  Lacertae 

S  Aquarii 
R  Pegasi 

V  Cassiop. 

W  Pega.si 
S  Pegasi 
R  Aquarii 
11  Phoenic. 

V  Cephei 

R  Tucanae 
VCeti 
U  Pegasi 
R  Cassiop. 
S  Phoenic. 
W  Ceti 
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11^ 


208 
149 


70.0 
267 


115 


64 


113 


38.6 


172: 
107 


138 


137? 
220 


134.9 

182 

66 


Epoch 


Elements  of  Maximum,  Greenwich  M.T. 
Period  Inequalities 


240  3212  +156.7  E       Periodic  inequality 

0  3196  +218.1  E    +20  sin(10°E  +  50=> 

13525  +356  E 

0  5359  +387  E 

239  8878  +269.2  E 

240  9790  +206  E 
0  9506  +131.5 

0  2389  +485.8  E   +0.05  E- 

396  ?  Irregular  period 

425  ?  Irregular  period 

12397  +331  E 

1 3353  +303  E 

0  6105  +258  E   V 

1  1620  +272  E 

02155  +373.8  E        Periodic  inequality 


Basis  of  Elements 
M        m    I    Dates  incl. 


0  5086 

+  292 

E 

1  3365 

+  315 

E 

1  5038 

+  141 

E 

1  5.^30 

+  410 

E 

241 1930 

+  234 

E 

4+ 

4 

11 

6 

19 

5  + 


19 


1867-1897 
1867-1896 
1876-1899 
1789-1902 
1850-1897 

1871-1895 
1885-1895 
1789-1902 
1890-1897 
1862-1895 


-  , 1892-1899 
1  1895-1902 

-  1875-1898 

-  1890-1898 

-  1822-1900 


1840  Sept.  26"  10"  50" 
240  8857    +299.8 
0  0395    +279.7 
239  7158    +377.5 
2412789    +231.5 


1  3485 
0  2210.5 
238  2847.6 
241 5099 
08886 


+  341 
+317.5 
+.387.16 
+  270 
+  360 


+  5"  8"  47'"  39^3  E  -(KOOOS  E"--(') 
E 

E       Periodic  inequality 
E    +60  sin(7°.5E  +  22>) 
E 


E   +35  sin  (10°  E+ 235°) 

E 

K 


15135  +275 

0  7590  +261 

1894  Sept.  22"  18"  13'" 
239  8374  +431.6 

2415058  +151.2 

241  3565  +366 


E 
E 

.2  +4" 
E 
E 
E 


29"'  50".67  E 

+  32  sin  (9°  E  +  60°) 


7 

4| 

300 

300 

12 

0 

19 

0 

25 

7 

11 

9 

4 

.. 

13 

4 

30 

1 

6 

S 

10 

- 

35 

60 

35 

14 

a 

1 

1872-1899 
1889-1899 
1898-1899 
1898-1899 
1889-1897 

1785-1899 
1856-1 899 
1798-1899 
1841-1902 
1857-1899 

1895-1899 
1864-1903 
1811-1903 
1895-1899 
1882-1895 

1896-1899 
1879-1898 
1894-1899 
1850-1902 
1895-1899 
1896-1903 


(1)  —0.000  000  loE' 


NOTES. 


320.  U  Cciikei.  While  there  is  an  undoubted  inequality,  its  e.\- 
act  nature  is  not  yet  clear.  The  elements  given,  provisionally,  rep- 
resent the  host  uniform  period  that  will  satisfy  observations  since 
1S!<0,  ilisrenaiiling  Schwkud's  (1S28). 

itSO.  V  I'fr.tei.  Bohi.in's  period  of  318  days  not  consistent 
with  some  of  the  data. 

1018.  II  nuroloijii.  RouEKrs's  elements  adopted  in  preference  to 
lliosc  of  the  Third  Catalogue,  although  it  is  not  easy  to  conciliate 
them  with  some  of  the  data. 

281."i.  U  Gfiiiinnntm.  Provisional  new  epoch  formed  from  5  max. 
in  1000-01;  old  period  retained. 

3403.  li  Lconi.H.  Definitive  investigation  not  yet  made.  Present 
0  — C,  — 20d. 

.'1484.  U  Coronne.  Elements  provisional,  awaiting  new  obsns., 
which  are  much  needed.  They  give  O  — C  =  +12iii  from  average 
of  seven  minima  by  Yi;ni)ELI-  in  1900-02-03;  and  satisfy  well  all 
the  anterior  data. 

5077.  I{  Sirpentis.  Existence  of  periodical  inequality  with 
cycle  of  about  90  periods  is  certain,  but  complicated  witli  other  terms. 


6760.  <c  Pavonis.  The  exact  period  is  in  doubt,  for  the  present, 
owing  either  to  uncertainty  In  enumerating  periods  between  widely 
separated  groups  of  obsns.,  or  possibly  to  secular  variation  of  period. 
Thus  RoitKurs's  elements  (.1. J.  491-402)  are  irrecouciliable  with 
some  data  inaccessible  to  liim;  while  the  elements  of  my  Catalogue 
givea  ilifTerenee  forhisepoc-h.  K — Ch.  =  — 2''.9S.  Whether  his  period 
(0''.091)  or  mine  ('.i''.lii2)  is  correct  must  be  loft  in  abeyance  for  the 
present,  until  the  ambiguity  can  be  cleared  up. 

7122.  S  Pavonis.  Kobeiits's  elements  do  not  satisfy  other  ob- 
servations. 

8073.  •'iCiplifi.  Elements  of  Thinl  Catalogue  retained.  Ni.)i..\si) 
(.1..Y.  3853)  has  a  larger  coefficient  for  term  in  E",  but  it  is  not 
borne  out  by  later  observations. 

8508.  f.'  Pi  nasi.  DilTereuee  of  0".15  in  brightness  at  alternate 
minima  reciuires  verification. 

In  the  column  of  Elements  the  initial  K  denotes  Roisekts;  G. 
GiiTiiNiCK;  L,  Li'izkt;  Y,  YENnKi.i.;  H,  H.kutwio;  P,  Pickkk- 
iNo  or  Paul;  D,  DuNfeu;  S,  Schonkeld  or  Schi:k. 
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SUNSPOT   OBSERVATIONS, 


Made 

AT 

Bekwyx,  Penn.,  with 

A  4}-iN(;n  Refkactob,  by 

A.  W.  QUIMBT 

1903 

Time 

New 
Grs 

T( 

Grs. 

>tal 
Spots 

Fac 
Grs. 

Dcf. 

IMS 

Time 

New 

Grs 

T 
Grs. 

)tal 
SpoU 

Fac 
Gis. 

Dcf. 

1903 

Time 

New 
Grs 

Total 
Grs.  Spots 

Grs.] 

July     1 

8 

T" 

'Y 

~6~ 

T 

fail- 

Aug.*31 

2 

poor 

Nov.     1 

8 

2 

80 

2 

good 

2 

7 

o 

6 

1 

fair 

Sept.  *1 

10 

..  1  poor 

2 

1 

i 

3 

22 

1 

poor 

3 

4 

2 

5 

1 

fail- 

2 

7 

fair 

3 

7 

3 

21 

1 

poor 

4 

8 

2 

3 

3 

fair 

3 

9 

fair 

4 

4 

1 

4 

32 

1 

fair 

5 

8 

1 

2 

3 

1 

poor 

4 

8 

fair 

5 

9 

4 

134 

1 

good 

6 

4 

2 

10 

1 

fair 

5 

8 

fair 

6 

8 

3 

64 

1 

fair 

7 

8 

2 

7 

poor 

6 

9 

..      fair 

7 

8 

3 

77 

1 

poor 

8 

8 

1 

3 

41 

fair 

7 

8 

..     fair 

8 

9 

3 

98 

1 

fair 

_      9 

7 

3 

36 

fair 

10 

2 

5 

1 

good 

9 

8 

3 

112 

1 

fair 

10 

4 

3 

24 

"i 

poor 

11 

8 

4 

1 

good 

10 

9 

1 

3 

76 

1     fair 

11 

8 

3 

40 

1 

fair 

12 

5 

2 

1 

fair 

11 

8 

2 

72 

2     fair 

12 

8 

3 

16 

2 

fair 

13 

8 

3 

1 

fair 

12 

7 

1 

40 

1 

poor 

14 

8 

1 

3 

4 

2 

fair 

14 

•  8 

4 

1 

fair 

13 

8 

1 

40 

1 

fair 

15 

8 

3 

8 

2 

fair 

15 

4 

3 

18 

1 

fair 

14 

11 

1 

38 

1 

fair 

16 

5 

i 

3 

16 

2 

good 

16 

4 

2 

10 

2 

poor 

15 

9 

1 

22 

1 

poor 

17 

8 

3 

16 

fair 

17 

2 

2 

3 

2 

poor 

16 

10 

i 

2 

11 

2 

poor 

19 

8 

2 

8 

fair 

18 

3 

1 

2 

2 

fair 

17 

9 

1 

1 

1 

poor 

20 

7 

2 

7 

fair 

19 

8 

3 

fair 

18 

10 

1 

1 

1 

fair 

21 

8 

2 

3 

poor 

20 

9 

2 

fair 

19 

8 

1 

1 

fair 

22 

4 

1 

4 

fair 

21 

7 

1 

good 

20 

7 

1 

1 

poor 

23 

5 

1 

2 

fair 

22 

8 

fair 

21 

10 

1 

2 

fair 

24 

8 

1 

2 

12 

good 

23 

9 

1 

6 

fair 

22 

4 

1 

3 

fair 

25 

5 

1 

40 

v.good 

*24 

11 

1 

12 

fair 

23 

9 

1 

1 

poor 

26 

9 

1 

18 

fair 

*25 

8 

1 

10 

fair 

24 

10 

i 

2 

3 

i 

fair 

27 

8 

i 

2 

16 

2 

poor 

26 

8 

1 

16 

1 

good 

25 

7 

2 

2 

1 

poor 

28 

7 

2 

20 

2 

poor 

27 

2 

1 

7 

1 

fair 

26 

9 

2 

5 

3 

good 

29 

7 

1 

5 

1 

poor 

28 

9 

2 

4 

2 

fair 

27 

9 

1 

3 

13 

3 

good  1 

30 

10 

1 

2 

5 

2 

fair 

29 

9 

1 

1 

1 

fair 

28 

8 

2 

6 

poor    ' 

31 

9 

2 

fair 

30 

9 

fair 

29 

9 

6 

2 

6 

i 

poor 

Aug.     1 

8 

fair 

Oct.      1 

8 

fair 

30 

10 

1 

3 

13 

2 

fair 

2 

8 

1 

1 

5 

fair 

2 

7 

i 

1 

1 

fair 

Dec.     1 

7 

3 

6 

1 

poor 

3 

8 

1 

1 

poor 

3 

9 

1 

11 

1 

fair 

3 

10 

2 

5 

13 

1 

poor 

4 

7 

poor 

4 

8 

1 

12 

1 

fair 

4 

3 

3 

5 

24 

1 

fair 

5 

10 

1 

1 

1 

2 

fair 

5 

8 

2 

20 

2 

fair 

5 

2 

4 

30 

^ 

fair 

6 

11 

1 

poor 

6 

10 

2 

40 

1 

fair 

6 

9 

4 

22 

1 

fair 

7 

5 

2 

2 

13 

3 

fair 

7 

11 

3 

83 

1 

fair 

7 

10 

i 

5 

31 

2 

fair 

8 

8 

1 

3 

13 

3 

fair 

8 

8 

2 

40 

V.  poor 

8 

8 

1 

6 

25 

3 

poor 

9 

8 

3 

32 

3 

good 

12 

11 

2 

74 

1 

fair 

10 

8 

4 

18 

1 

poor 

10 

7 

3 

28 

2 

good 

13 

8 

3 

78 

2 

good 

11 

9 

1 

4 

18 

2 

fair 

*11 

11 

3 

13 

2 

poor 

14 

7 

3 

76 

3 

good 

12 

9 

4 

14 

2     fair 

■       *12 

8 

3 

12 

2 

poor 

15 

8 

2 

63 

2 

fair 

13 

1 

4 

13 

2     fair 

*13 

7 

2 

4 

14 

3 

poor 

16 

8 

2 

41 

1 

fair 

14 

9 

4 

13 

2  :  fair 

#14 

4 

4 

12 

2 

poor 

18 

7 

1 

1 

fair 

15 

3 

1 

4 

15 

2 

fair 

15 

8 

3 

40 

2 

good 

19 

7  j  .. 

1 

fair 

16 

10 

1 

5 

10 

3 

poor 

16 

4 

3 

14 

2 

fair 

*20 

8  '  ... 

1 

fair 

17 

9 

5 

13 

2 

poor    j 

17 

8 

2 

12 

2 

fair 

*21 

8      .. 

1 

..   '  fair 

18 

4 

4 

8 

2 

poor    1 

18 

8 

6 

2 

fair 

#22 

7 

1 

..     poor 

19 

8 

3 

9 

2 

fair     1 

19 

9 

3 

1 

poor 

*23 

10  >  .. 

1 

poor 

21 

9 

3 

15 

1 

fair     ' 

20 

4 

1 

2 

poor 

24 

8  ,  .. 

1 

..   ,  fair 

22 

9 

2 

11 

3 

fair 

21 

8 

1 

1 

2 

poor 

25 

1      1 

2 

2 

1 

fair 

23 

4 

2 

5 

1 

fair 

22 

9 

2 

2 

poor 

26 

8      .. 

1 

8 

1 

fair 

26 

8 

V.  poor 

23 

9 

2 

1 

poor 

27 

10      ..1 

12 

1 

poor 

27 

1 

1 

poor 

24 

8 

4 

1 

fair 

28 

10      .. 

1 

22 

1 

fair 

28 

9 

2 

2 

5 

1 

fair 

.    25 

7 

3 

fair 

29 

7 

1 

41 

1 

fair 

29 

2 

1 

3 

12 

1 

fair 

*26 

7 

1 

fair 

30 

7  !  1 

2 

43 

1 

poor 

30 

12 

3 

10 

1 

fair 

*27 

7 

i 

4 

poor 

31 

9     .. 

2 

66 

1     fair 

31 

11 

2 

9 

1 

fair 

*30 

2 

poor 

■  2i-inch  refractor. 
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EXAMPLES  OF  PERIPLEGI^IATIC   ORBITS, 

Hv  G.  W.  HILL. 


In  the  motion  of  material  points  it  is  well  known  that 
the  determination  of  the  orbits  maj'  be  considered  quite 
apart  from  the  question  what  positions  upon  the  orbits  the 
iioints  have  at  a  given  time.  When  the  first  portion  of 
iihe  problem  has  been  completely  investigated,  the  second 
is  reduced  in  general  to  a  mere  matter  of  quadratures. 
Gtlden's  later  investigations  in  this  line  have  rendered 
this  division  of  procedure  familiar.  Our  illustration  will 
i)e  confined  to  the  motion  of  two  points  in  the  same  plane. 

In  this  plane,  having  adopted  a  pole,  let  v  denote  the 
longitude  and  ?•  and  »■'  the  radii  of  two  orbits  in  the  plane. 
The  line  of  departure,  from  which  v  is  measured,  may  be 
'  hosen  arbitrarily,  but,  as  r  and  r'  are  not  in  general 
•teriodic  functions  of  v,  it  is  not  allowable  to  subtract  an 
integral  number  of  circumferences  from  the  latter,  which 
must  be  permitted  to  extend  from  —  oo  to  +co  .  Then  if 
/J  and  ;/  are  two  constants,  and  we  put 


the  differential  equations 
d'-p 


-  1  = 


dir 


;+P    =    0 


d-p' 

dv'- 


+  P' 


are,  as  is  well  known,  those  of  two  conies  having  a  focus 
at  the  pole.  If,  more  generally,  the  differential  equations 
are  such  that  they  can  be  written  in  the  form 


d'p 
d^' 


dV 


dy 

d^ 


dV 

^p' 


I'  may  be  called  the  orbital  potential.  The  present  dis- 
cussion will  be  limited  to  the  case  where  V  does  not 
explicitly  involve  t>.  In  the  foregoing  simple  case  we 
liave 

^'  =  -Hp'  +  p") 
A  more  general  form  for  this  function  would  be 

r  =  f(p)+/'(p') 


and  then  the  orbits  may  be  said  to  be  independent  of  each 
other,  and  their  determination  is  evidently  a  mere  matter 
of  quadratures.  But,  if  the  differential  equations  have 
not  this  form,  nor  can  be  given  it  through  a  transforma- 
tion of  variables,  the  orbits  may  be  said  to  be  entunyled,  it 
being  impossible  to  determine  one  of  them  without  the 
virtual,  at  least,  determination  of  the  other.  It  is  the 
latter  case  which  demands  the  employment  of  Lindstedt'.< 
series. 

In  the  simple  case  adduced  Fwas  rational,  integral  and 
of  two  dimensions  in  p  and  p'.  In  order  to  construct  a 
very  simple  case  for  the  application  of  these  series,  sup- 
pose that  V  still  remains  rational  and  integral,  but  now 
involves  terms  of  three  dimensions  in  p  and  p'.  Were  these 
terms  proportional  to  p'  and  p",  the  resulting  orbits  would 
be  independent,  and  there  would  be  no  occasion  for  the 
emploj-ment  of  Lixdstedt's  series.  But  let  the  new  terms 
be  proportional  to  p-p'  and  pp'^,  and  the  occasion  for  their 
use  may  arise. 

Let  us  suppose  that,  p.  being  a  constant, 
2V  =  -p'—p'-^—p.pp'(p+p>) 
Then  the  differential  equations  will  be 
d' 


jT^+p+^ipp'+^p'-^  =  0 


^-+p'-^p.^^pp'+^p'-)    =  0 

It  is  desirable  to  limit  as  far  as  possible  the  number  of 
constant  parameters  appearing  in  the  equations,  and  that 
whether  they  were  there  originally  or  have  been  intro- 
duced by  integration.  In  this  connection  it  will  be  seen 
that  fi  is  an  unnecessarj-  parameter,  for  it  can  be  got 
rid  of  by  multiplying  both  equations  by  it,  and  then  re- 
placing fip  and  up'  by  p  and  p'.  Thus,  representing  the 
radii  bj-  the  equations 

r  =     '*^-      ,       r'  =  -^^-'- 
H  +  p     '  n  +  p' 

p  and  p'  will  be  determined  by  the  equations 

(9) 
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av 
which  differ  from  the  former  only  in  tliat  jx  is  replaced  by 
unity. 

These  equations  have  the  integral 

dv"      dr 

we  write  C"  instead  of  C  in  order  to  avoid  a  radical  sign 
iu  some  of  the  following  relations.  When  p  and  p'  are  in- 
terchanged, the  equations  remain  the  same ;  thus  the 
relation  p  =  p'  constitutes  a  particular  integral  of  the  sys- 
tem of  differential  equations. 

Adopt  for  exhibiting  graphically  the  simultaneous  values 
of  p  and  p'  (simultaneous  with  reference  to  the  independent 
variable  v)  a  system  of  rectangular  coordinates,  x  exliibit- 
ing  the  value  of  p,  and  y  the  value  of  p'.  Then  the  repre- 
sentative point  P  must  lie  on  the  negative  side  of  the 
curve  whose  equation  is 

.T- +  r  +  x;/ (x  + !/)  -  C^  =  0 

in  order  that  -^  and  -^  may  be  real.      This  cubic  will 
dv  dv        ■' 

have  a  closed  branch  surrounding  the  origin  if  C^  falls  be- 
low a  certain  limit.  It  crosses  the  axes  of  .r  and  y  on  both 
sides  of  the  origin  at  distances  therefrom,  equal  in  all  four 
cases,  to  C.  Its  intersections  with  the  right  line  whose 
equation  is  x-\-  ij  =  0,  and  which  bisects  two  of  the  angles 
made  by  the  axes,  are  also  at  a  distance  C  from  the  origin. 
On  the  other  hand,  its  intersections  with  the  line  bisecting 
the  remaining  angles,  whose  equation  is  .r  — ?/  =  0,  are 
given  by  the  roots  of  the  equation 

2x-  +  2x^  -  C-  =  0 

But  this  cubic  cannot  have  more  than  one  real  root  unless 
C^  does  not  exceed  j'l.  This  is  the  condition  necessary 
and  sufficient  that  the  original  cubic  should  have  a  closed 
branch  including  the  origin.  As  we  wish  to  confine  our 
attention  to  the  case  where  the  radii  are  restricted  to  finite 
limits,  we  suppose  that  C  fulfils  the  mentioned  condition, 
and  that  the  representative  point  F  is  always  within  the 
closed  branch. 

When  X  is  at  a  maximum  or  minimum  in  the  original 
cubic,  the  equation 

2{l  +  x)y  +  x"-  =  0 

must  be  satisfied.  Multiply  this  by  ^ij  and  subtract  the 
product  from  the  cubic ;  the  result  is 

X-  +  i-  xhj  -  C-  =  <d 

Biit  the  previous  equation  yields 


Hence  the  quartic 


*m=^' 


by  its  roots,  which  immediately  embrace  0  between  them, 
furnishes  the  limits  of  both  the  variables  p  and  p'.  How- 
ever, we  are  not  under  the  necessity  of  solving  the  quartic 
for  the  purjjose  of  obtaining  these  limits;  evidently,  for 
C  we  may  substitute  a  function  of  another  constant  render- 
ing the  solution  easy. 

'J'he  (juartic,  in  a  developed  form,  is 

J-*  _  4a;«  _  4J.2  -\-AC''x  +  AC  =  0 

To  remove  the  second  term  from  this  put  a-  =  .-.  +  1,  and 
we  have 

.4  _  Ida-  -  4  (4-  C=) .-  -  7  +  8C=  =  0 

We  can  adopt  indeterminates  y,  q',  li,  such  that  the 
roots  of  this  quartic  are 


~2  =  —  \Ir  ■*"  •■Jq—q'-^Js 

S3  =        ^R  —  y/q+q'-jR 

"\  —  —  VJs—  ^q—q'\jR 
II  are  determined  by  the  equations 
,     q'R  =  A-C- 

Put,  for  simplicitj',     4  —  C-  =  m,     then 


Then  >j,  >j 
q  +  E  =  5 


2/  =  -t 


1  +  x 


-1  =  V^+  y/o—R+mR-i 
^2  =  —■~JR+  V5— iJ— miJ-i 
«8  =  VB  —  yJt>—R+mR-i 
Sf  =  —y/B—  ^o—R—mR-i 
R^-oE^+2mR-\m:-=^0 

The  solution  of  the  last  equation,  regarding  m  as  the 
unknown,  is 

m  =  AR±2R  yjRH^ 

whence  it  follows  that 

C  =  4(1-^)  q:2^v:B=l 

In  order  that  C  may  be  real  R  should  exceed  unity,  and 
the  cubic  in  R  has  always  at  least  one  root  greater  than  1 ; 
for,  if  we  make  R  =  1,  the  left  member  becomes  —\  C*, 
while,  for  R  =  -\-oa  ,  the  result  is  -f  co  . 

If  we  make     \/  R—i  =  c,     we  have 


C-  =  2c  (1 . 


-cy 


If  we  adopt  the  right  member  of  this  as  a  substitute  for 
C^,  it  is  plain  that  the  roots  of  the  quartic  will  be  expres- 
sible without  the  intervention  of  cubic  radicals.  While 
C^  goes  from  0  to  ^j ,  c  goes  from  0  to  ^  .  In  terms  of  <■ 
we  have 
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=  1  +Vr+^+  yj4-c-2+(i—2c)  Vil^ 

=  1  -  Vl+^  +  V4— c2-(4— 2c)Vi+?= 

=  1  +  Vl+c-  —  V4— c2+(4— 2c)Vl+? 

=  1  —  Vl+c-  —  V4— c2— (4— 2c)  Vi+5^ 


Then  x^  is  evidently  the  lower  limit  of  the  values 
of  p  and  p'  and  ct,  the  upper  limit  of  the  same.  The 
values  of  these  limits  are  tabulated  below  for  every  0.0] 
in  c. 


Limiting  Values  of  p  and  p'  as  Functions  of 


<■ 

Lower 

Upper 

c 

Lower 

Upper 

c 

Lower 

Upper 

0.00 

0.0000 

0.0000 

0.12 

-0.4529 

+  0.4385 

0.24 

-0.5962 

+0.5394 

0.01 

-0.1404 

+  0.1403 

0.13 

0.4684 

0.4516 

0.25 

0.6050 

0.5435 

0.02 

0.1972 

0.1968 

0.14 

0.4832 

0.4637 

0.26 

0.6135 

0.5470 

0.03 

0.2399 

0.2390 

0.15 

0.4971 

0.4747 

0  27 

0.6216 

0.5500 

0.04 

0.2751 

0.2735 

0.16 

0.5103 

0.4849 

0.28 

0.6295 

0.5526 

0.05 

0.3056 

0.3031 

0.17 

0.5229 

0.4942 

0.29 

0.6370 

0.5546 

0.06 

0..3326 

0.3290 

0.18 

0.5348 

0.5027 

0.30 

0.6443 

0.5562 

0.07 

0.3569 

0.3520 

0.19 

0.5462 

0.5104 

0.31 

0.6513 

0.5574 

0.08 

0.3791 

0.3727 

0.20 

0.5571 

0.5175 

0.32 

0.6580 

0.5581 

0.09 

0.3996 

0.3915 

0.21 

0.5675 

0.5239 

0.33 

0.6645 

0.5585 

0.10 
0.11 

0.4186 
-0.4363 

0.4086 
+  0.4242 

0.22 
0.23 

0.5775 
-0.5871 

0.5297 
+  0.5348 

i 

-3   +U4-V10) 

To  illustrate  the  matter  let  us  take  a  particular  case, 
the  radii  being  represented  by  the  formulas 


IJ.+P 


H  +  p 


suppose  that  the  values  of  the  four  constants  involved  are 

p  =  \     ,     ;>'  =  2     ,     fj.  =  2     ,     e  =  0.2 
The  limiting  values  of  /•  are 


=  0.794 


2-0.5571 


=  1.386 


2  +  0.5175 
and  those  of  r'  double  these 

/•'  =  1.589     ,     r'  =  2.772 

Here  the  upper  limit  of  r  is  less  than  the  lower  limit  of 
r'  ■  hence  the  orbits  have  no  point  in  common,  and  do  not 
interfere  with  each  other.  We  shall  call  this  the  quality 
of  noninterference.  It  will  be  seen  at  once  that  the  values 
of  p,  /)',  fjL,  c  can  be  varied  through  a  considerable  range 
without  the  failure  of  this  quality.  But  here  is  evidently 
an  opportunity  to  apply  Lindstedt's  series  in  integrating 
the  differential  equations  determining  p  and  p'.  Thus  the 
applicability  of  these  series  does  not  imply  dynamical  in- 
stability in  the  motions  which  can  take  place  upon  the  two 
orbits. 

The  form  of  the  cubic  circumscribing  the  values  of  p  and 
p'  for  the  special  case  noted  above,  where  ('-  =  0.256,  is 
shown  in  the  adjacent  figure  (the  scale  is  two  inches  to  the 
unit).  (>  is  the  origin,  and  the  right  line  AOll,  passing 
through  that  point  and  bisecting  the  angle  between  the 
axes  of  coordinates,  is  the  path  of  the  representative  point 
P  for  the  case  where  p'  =  p,  and  the  solution  of  the  dif- 
ferential equations  is  a  periodic  one.  It  may  be  noted  that 
this  point 'in  general  never  attains  the  closed  branch  of  the 


cubic   curve,    as    this   cannot   liappen   unless   the   values 

-^  =  0  ,     -^  =  0    are  simultaneous.* 
at)  dv 


It  is  interesting  to  know  whether  the  orbits  are  peripleg- 
matic  in  the  sense  of.GYLDiiN.  With  his  notation  we 
should  have 


-^  +  '^  =  -  '  ipp'+kp"^  =  P 

ar"       p.  p 


dv' 


-|-''=--(pp'+ip')    =P' 
p.  p. 


•The  infinite  brancli  is  not  given  in  the  diagram,  as  it  is  useless 
for  our  purposes.  The  curve  is  specie.s  07,  ami  is  sltown  in  Fig.  "1 
of  Nkwton's  Eiiumeratio  linenrum  tertii  ordinis.  printed  at  the 
end   of  Dr.  Samukl  Clarke's   T.atin  translation  of   N'kwton's 

t>ptics. 
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For  the  quality  in  question  P  and  P'  must  not  fall 
below  —1.  As  the  greatest  value  of  pp'+^  p''  or  pp'+^  p" 
is  5  ,  if  /u.  exceeds  this,  the  orbits  will  be  periplegmatic. 

The  treatment  of  the  differential  equations  is,  in  general, 
easier  if  we  make  the  linear  transformation 


u   =    i  (p  +  p') 

They  then  take  the  form 
d'-ii 


*■  =  i  (p-p') 


,—  +  M   +  J  U'^  —   i  S=   =   0 

di'- 


d-s 


+  S    —     i()! 


=  0 


The  radii  of  the  orbits  are  represented  by  the  equations 

r  =    ^"^i—  r'  =       ^^' 

p,+  u-\-s         '  p,+  U  —  S 

The  integral,  in  terms  of  the  new  variables,  is 

du^     ds-        „       „        „  „        ,   ^, 

3-s  +  -^i  +  ■""  +  •■*"  +  "  —  ■"«    =  i  C- 

The  adoption  of  the  solution  s  =  0,  satisfying  the  equa- 
tions, leads  directly  to  a  periodic  solution  of  them.  In 
this  case  we  have  the  single  differential  equation 


to  be  integrated. 


dv- 

Make  the  substitution 
"  =  'J  "^  ff'  cos  2i/» 


(7  and  ff'  being  constants  ;  then 

4sr'»(l-cos'^2i/')^,  =  iC"^-(|:/+,r7'cos2V')--(^+5''cos2^)» 

Let  ff  and  g'  be  so  chosen  that  the  right  member  of  this, 
equated  to  zero,  may  have  the  two  roots  cos2i/f  =  ±1. 
Then  g  and  g'  are  determined^by  the  equations 

iC'~  (g  +  g'r  -  {(/  +  g'y  =  0 

*  C"  -  (g-gr  -  {g-o'f  =  0 
or  bv 

h  C'  -g'-  g''  -g'-  3gg'-'  =  0 
2g  +  35--  +  -7"  =  0 
If  we  divide  both  members  of  the  last  differential  equa- 
tion by  1  —  cos-  2tj/  the  result  is 


^9"  -f',  =  A  C=  -  g"-  -g'+  g'^ 


d 
But,  eliminating  C'-,  this  becomes 


cos  2ij/ 


'i  -^  =  'i^  +  3g  +  g'  cos2^  =  1  +  3g  +  g'  -  2g'  sin=  ^ 
then    will     '6g  —  cos  6  —  1, 


If   we   put      V3  g'  =  sin 
and 

d^-  1 

tv^^  2^1  t'"'  (^  +  60°)-  sin  e  sin^,/,] 
If  next 

sin  6 


we  have 


sin  (6+60°) 


df 
di>' 


=  i 


(l-A-^sin^./-) 


and  to  u  may  be  given  the  form 

,  /     1  +  /:'^             \               P 
"  =  •>     -r —  1 ; ^^-  sin-  4/ 

It  will  be  seen  that  /c  takes  the  place  of  the  arbitrary 
constant  C  which  is  attached  to  the  integral.  In  the 
Gudermannian  notation  for  elliptic  functions,  putting  m 

for  ^  ,,. ,    and  c  being  an  arbitrary  constant, 


2^1— k-^+k' 


sintp  =  sn  (mv  +  r)  =  snx 


and 


The  value  of  C  is  of  interest ;  we  have 

=  ^v  (3— fi  cos  e4-;-i  cos-6—  1 +;;  cos  e—3  cos^6+cos»6) 

+  J(l-cos'6l)cos6 
=  ^V(l  +  3cos(9-4cos''6i)  =  ./,(l-cos36) 
C  =  J'j  sin=  3  e 

If  C-  is  wanted  in  terms  of  A-  we  have 

l_^F_gA-*-l-/l-<'' 


C- 


1- 


(l-F+A; 
The  argument  on  which  ;;  depends  is 

where  K,  as  usual,  denotes  the  period  of  the  elliptic  inte- 
gral ;  or,  it  is 

V  +  c 


^i-k"-+k*  i+ay/c'  +  myk'  +  {i±iyk'+. . 

=  (1-1  J  ^^-.  J  A:«-ViAftL  fc8-H^vyV^"  +  -  •  •  •)  ''  +  '• 

It  is  to  be  noted  that  the  square  of  k  is  absent  from  the 
latter  expression,  hence  this  parameter  must  become  quite 
a  large  fraction  before  a  marked  difference  results  in  the 
period. 

An  expression  in  terms  of  the  nome  7  may  be  preferred. 
The  period  has  the  equivalent 

2AVfc7  4|7~F 

TT  \         "^     k'- 

where     k'  =  -^i- A-'--     But  the  first  factor  has  the  value 
and  the  second  can  be  derived  from 

_^    _    ,      ,-  [l  +  g'+r/  +  ./'+.   ■   .y 

Vfe'  ~  ^'  [l-f2,/+22^«+.  .  .]^-  [2j  +  29^  +  2?^+.  .  .f 
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The  series  for  the  period  or  its  reciprocal  in  powers  of  7 
is  tardily  convergent,  and  it  seems  better  to  retain  the 
foregoing  expressions  where  the  law  of  progression  is 
obvious. 

If  we  put    k  =  sin  1;,    7  may  be  derived   by  tentation 
from  the  equation 

sin-^j;  q  +  q'-'+q^+.  ■  . 

(T+v^^'"'  1+2^^+29"+... 
When    k  —  I,    the   numerator   and    denominator    of   the 
second  member  become  divergent  series,  but  the  proper 
value  of  '/.  in  this  case,  is  unity.      K  maj-  be  derived  from 


l  +  2q  +2q*->-2f+2'/'^-\- 


i   Thus,  if  from  the  double  of  one  of  the  dependent  variables 
'   we  subtract  the  other,  and  on  the  remainder  operate  with 
;    D,  the  result  is  the  same  as  if  we  squared  the  latter  vari- 
able.    Simple  as  are  these  equations,  no  completely  satis- 
factory general  expressions  of  the  unknowns  for  an  infinite 
range  in  longitude  have  been  found. 

In  applying  Lindstedt's  series   to   the    integration  of 
these  equations  we  should  assume 

'  where  the  A  and  A'  are  constants  as  well  as  k  and  k',  and 
i  and  i'  are  integers  reaching  from  —00  to  -l-oo  .  The  sub- 
stitution of  these  values  in  the  equations  shows  that  A,  A', 
k,  k'  must  satisfy,  for  each  combination  1,  i'  the  conditions 


To  have  u  expressed  as  a  periodic  function  of  its  argu- 
ment substitute  for  the  transcendental  function  cn'-x  its 
equivalent 


k^-K±l-q'         1-q^^l-q' 


1-'. 


[(^■fc+i'^-')=+l]  (2A,,,-Al,)  =  i  A'>5-..j.^'^,,,_,,^,,^ 

These  equations  should  suffice  for  determining  the  A  and 
A '  as  well  as  k  and  k'  in  terms  of  the  four  arbitrary  con- 
stants introduced  by  the  integration.  But  two  of  these 
constants  are  involved  in  the  expressions  only  through 
addition  to  the  two  elementary  arguments  kv  and  k'l- :  thus 
0^3  ,  V  -1*       the  mentioned  quantities  involve  only  two  arbitrary  para- 

+  ^_  6^°^(^  K'')  "*"•■■        I   meters.     Since  u  and  «'  as  periodic  functions  of  t'  involve 
only  cosines,  we  have  the  conditions 


cos    ■'■i-:z.X 


There  is  still  another  linear  transformation  of  the  differ- 
ential equations  worthy  of  notice.  In  order  to  remove 
from  the  potential  the  terms  of  three  dimensions  which 
are  products,  let  us  put 


-■<-..  -,■ 


-J. 


A' 


..  =  a: 


p  =  11  + hu' 


u'  +  hu 


where  h   is  either  of  the  complex  cube  roots  of  unity,  or 
such  that 

/r  +  A  +  1  =  0 
Then 

dp'+dp'-  ,   ,  du" — idudu'-{-dii'- 


dv 


dv- 


Hence  it  is  seen  that  the  differential  equations  take  the 
form 

[£+l](2«'-«)  =  tAV 
or,  if,  as  a  symbol  of  operation,  we  put 


the  simple  form 

D[2k'— u]  =  tt' 


D[2m-m']  =  u'' 


'  For  these  formulas  in  elliptic  functions  consult  Broch,  Traiti 
ElnnnUairv  dcs  Functions  EUiptiquex,  p.  207,  Eq.  (124);  pp.  210-211, 
Eqs.  (5)  and  (6);  p.  210,  Eq.  (3);  p.  172,  Eq.  (17). 


If,  besides  k  and  k',  either  of  the  two  groups  of  coef- 
ficients A  and  A'  is  known,  the  other  is  deducible. 

The  differential  equations  may  be  reduced  to  a  system 
in  which  all  are  of  the  first  order;  employing  for  this  pur- 
pose those  in  terms  of  the  variables  n  and  s,  the  closed 
curve  enveloping  the  area  in  which  the  differential  coef- 
ficients are  real  has  the  equation 


l-H 

The  maximum  value  of  |tt|  is  then  !■;,  and  the  maximum 
of  |s|  corresponds  to  the  value  of  u  given  by  the  smaller 
positive  root  of 

„s_„2_„  4-  J  C-  =  0 
Thus,  if  we  put 

iC-  =  c'(l+r'~c'-) 

it  will  be  found  that 


And  if  €'-  =  .1-,  we  shall  have  approximately  \s\  =  0.392 
In  place  of  the  two  variables  u  and  ,«  we  employ  the  four 
11,  !/,  e',  I'  such  that 


dv 


=  e'  cos  I'     , 


do 


—  e'  sin  /' 
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The    integral    e(|uation   will    then    be    expressed    in    the 
form 

,/  +  „-  +  ,/'  +  e'-  (1  -  «  eos^  /'.)  =  *  C 


which  gives 


i  e'-  =  i 


^  C^-y-i-^l^-U» 


1— «  cos^/' 

And  the  differential  equations  are 

du 

=  -1/ 


=   W 


dv 

-^  =  n+i,  K-— ^e'-cos^/' 
at' 


d(e'cosZ') 

dv 
d  {e'  sin  I') 


=  —  e'  sin^' 


(1  — «)  e'  cos/' 


The  third  and  fourth  are  e(juivalent  to 


d  .  log  e' 


=  —\u  sin  21' 


dl' 
dv 


=  1 


H  COS-/' 


From  the  latter  it  is  plain  that  /'  and  v  advance  together  ; 
thus  /'  will  serve  equally  well  as  v  for  the  independent 
variable.  By  division  and  elimination  of  e'-,  the  first  and 
second  equations  become 

du  y 

dl'  ~         l  —  ucos^V 


dy  M+jM-  I  C- — u^ — u^ 

W'  ^  1  — It  cos-/'  ~  *  (l-!<cos=  ;')••= 


cos-Z' 


or,  as  they  may  be  written 


du 
W 


dW 
dy 


dl.' 


du 


These  equations  may  be  still  further  varied  by  putting 
II  =  e  cos  /     ,     (/  =  e  sin  / 


Then  if 


we  have 


rr=i 


~dF~ 


^C^_e2_e»cos»Z 
1— e  cos  /  cos'/' 

dl 
dl' 


dW 


After  u  and  y  or  e  and  /  have  been  determined  in  terms 
of  /'  through  the  integration  of  these  equations,  r  can  be 
found  by  a  quadrature  from 

f/v_  _  1 

dl'  "   1-ucos'l' 

and  thence,  by  inversion,  /'  in  terms  of  r,  and   thus  the 
problem  completely  solved. 


If  can  be  developed  in  an  infinite  series  of  the  form 


V,.,,  yl..,,  cos[i7-|-l.'r/'] 

For  putting 

^       2-«-2VI=i 

'^                     u 

we  have 

,p:^^-.- 

""'"""  r*+e  cos  2/'+i3^cc 

Vl— u 

From  this  u  and  y  may  be  eliminated  b}'  substituting  their 
values  in  terms  of  e  and  /. 

The  integrals  of  the  two  differential  equations  may  then 
be  approximated  to  bj'  a  series  of  Delaunay  transforma- 
tions, as  the  function  Wis  quite  similar  to  Delauxay's  B 
in  the  lunar  theory.  The  only  noteworthy  differences 
being  that  here  there  are  only  two  unknowns  in  place  of 
Delaunay's  six,  and  only  one  constant  parameter  C  in- 
stead of  Dei-aunay's  three  «',  e',  a'. 

We  may  give  here  Delauxay's  rule  for  making  a  trans- 
formation. If  we  have  integrated  the  differential  equa- 
tions (L  is  put  for  I  (r) 


dL 
dV 


,)W 
^dl 


dW 


when  W  is  limited  to  the  terms  involving  one  argument 
il+i'l'  (the  constant  term  is  included)  and  have  found  in 
this  manner  (6  designating  the  argument) 

e  =  e^{l'-\-c)  +e,  sm6^(l'+c)+e^  sin  2e„(/'-f  c)+ejsin  3eo(l'+c)+... 
L=L^+L^  cose^(l'+c)+L„  cos2e„(l'+c)+L,  cos3e„{l'+c)+... 

c  being  a  constant,  and  6„,  6,,  6„,  ....  L^,  L^,  L„,  .... 
being  known  functions  of  another  constant  (e„  for  instance), 
we  can  replace 

L  by  Z,„-hL,cos(i7-l-i7')-l-L.,cos2(i/-l-;7')-l-.  .  .  . 

/  by  /  +  ^  sin  (i7+i'/')-t-^=  sin  2  (il  +  i'l')  + 

and  we  shall  have,  for  determining  the  new  variables  e^,  I, 
precisely  the  same  equations 

dL  _  dW  dl   _        dW 

dV   ~  ~dT      '       dl'  ~  ~  dL 

provided,  first,  that  we  put  for  [F  the  function  obtained 
by  making  the  preceding  substitutions  in  the  old  function 
W  (complete)  augmented  by  the  quantity 


-  i  (L_Z„)-f^  {e,L,  +  26,L,  +  3e,L,+. 


second,  that  we  regard  the  new  variables  L  as  connected 
with  e^  by  the  relation 

L  =  L^-\-h {e,L,-h2e,L,+3ex,+. . .)    . 
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DOUBLE-STAR    MP^ASURES, 


By  JOHN  A.  MILLER 
The  stars  in  the  list  that  follows  are  selected  from  those 
noted  as  double  by  the  Albany  observers  while  making  the 
observations  for  the  catalog  of  the  Astronomische  Gesell- 
srha/t,  Zone  l°-o°.  The  list,  kindly  furnished  us  by 
Professor  S.  W.  Burnham,  contains  only  such  stars  as 
have  not  hitherto  been  measured,  or  at  least  whose  meas- 
ures have  not  been  published.  The  measures  were  made 
with  the  12-inch  refractor  of  the  Kirkwood  Observatory, 


AND   W.    A.    COGSIIALL. 
the  method  of  work  being  the  same  as  that  followed  while 
measuring  the  list  selected  from  the  Berlin  A.G.  Catalog, 
I   ^.^.,  No.  546. 

The  letter  C.  follows  the  measures  made  by  Mr.  Cog- 
shall,  the  letter  M.  those  made  by  myself.     The  positions 
I   given  are  for  1900.0. 

John  A.  Miller. 


DM.  ;r490 

A.G.  1020.     9''.0 

,  9«.5. 

DM.  3°1382.     A.G.  2381.     8 

'.0. 

a  =  S"  L'8" 
I 

OMl     ; 
Oo 

8  =  -1-3°  48' 

28".4 

a  =  &'  .39'"  33".  75      ; 

Not  double. 

8  =  4-3°  46' 

55''.2 

19();>.039 

354^0 

5^99 

DM.5°1396.     AG.  2390.    9M  ; 

10«.2. 

.140 

354.6 

6.35 

0  =  6"  40'°  19'.75    : 

t                               dr, 

1903.039           2L2 

8  =  4.4°  59' 

35  ".2 

.164 

352.6 

6.06 

Po 

25"l3 

190,3.114 

353.7 

6.13 

c. 

.068           21.1 

24.51 

DM.  2°( 

535.     A.G.  1165.     8 

21«.20     ;     8  =  -1-2°  23' 

'.7. 

52".4 

.118           21.3 

24.56 

0=3"  Si"- 

1903.075           21.2 

24.73 

M. 

Not  double. 

M. 

DM.2''1427.    A.G.  2449.     8".8  ; 

10>'.2. 

DM.  4°817. 

A.G.  ] 

540.     8  ".9 

;  9".3. 

a  =  eh  45'"  49».77 

8  =  4-1°  58' 

24".5 

a  =  4*'  57" 

7'.  77     ; 

8  =  -1-4°  10' 

43M 

1903.039         263.5 

2.41 

1903.039 

175.6 

8.69 

.068         264.6 

2.22 

.170 

177.8 
177.5 

9.14 
9.13 

.164         262.6 

2.67 

1903.090         263.6           2.43 
DM.  2n457.     A.G.  2495.     8«.6 

c. 

1903.14.-1 

177.0 

8.99 

M. 

10».3. 

a  =  eh  49"'  32».46 

;    8  =  -1-3°  41 

4''.4 

DM.4''818. 

A.G.  1544.      S-.S 

10".2. 

1903.068         209.4 

6.94 

a  =  4h  5701 

24«.2     ; 

S  =  -f-4°  27' 

22".8 

.118         205.5 

6.98 

1903.039 

281.6 

30.29 

.227         207.0 

7.02 

.118 

280.2 

30.36 

.227 

281.1 

31.14 

1903.137         207.3 
DM.2°1463.     A.G. 

6.98 
2500.    8".9  ; 

M. 

1903.128 

280.9 

30.59 

M. 

10".3. 

a  =  ek  50"'  14'.03 

;    8  =  +2°  42 

'6'.9 

DM.  2°859 

A.G. 

1570.     9«.0 

;  9M 

1903.039         251.9 

14.23 

a  =  Si"  1' 

'  5M3     ; 

8  =  +2°  49' 

6".5 

.164         250.8 

14.65 

1903.023 

358.0 
356.8 

1.56 
2.21 

.227         250.4 

14.56 

.164 

1903.143         251.0 

14.48 

C. 

.206 

356.3 

1^86 

DM.  3°1469.     A.G.  2508.     8 
a  =  6'' 51"' 8'.  19     ;     8  = +3°  19' 

".5. 

1903.131 

357.0 

1.88 

c. 

36'.0 

Not  double. 

DM.  2°996. 

A.G.  1796.      gx.O 

;  10".5. 

DM.  2°1503.     A.G. 

2558.      9''.0 

;  9''.3. 

a  =  r)""  27'" 

51 '.93    : 

8  =  -1-2°  23 

52  ".5 

a  =  «''55'"  18".  19 

8  =  -1-2°  47 

46".  8 

1903.023 

232.6 

4.87 

1903.039           92.9 

3.74 

.104 

234.9 

4.78 

.120           92.4 
.164           90.1 

3.77 
3.63 

.118 

234.8 

4.43 

1903.105 

234.1 

4.69 

M. 

1903.108           91.8 

3.71 

M. 

DM.  2"'1328 

.     A.G. 

2325.      8".5 

;  9".5. 

DM.SoiSOS.    A.G. 

2566.    S".3  ; 

lO-.S. 

a  =  6i>  33" 

54'.  34 

8  =  +2°  25 

'29".S 

0=6''  56"'  62».30 

8  =  -1-3°  11 

56 '.9 

1903.023 

307.8 

34.80 

1903.039         269.6 

6.44 

.068 

306.9 

34.81 

.120         269.7 

6.92 

.164 

307.1 

34.80 

.164         268.8 

6.66 

1903.085 

307.3 

34.80 

c. 

1903.108         269.4 

6.67 

c. 

DM.  2°1514. 

A.G.  2570.    S-.O  ; 

10''.7. 

u  =  6''  56"' 

21'.07     ;     8=-f-2°41' 
e<              P.. 

21 '.3 

1903.039 

204.6         20.50 

.164 

204.3         20.80 

.246 

204.4         20.33 

1903.149 

204.4         20.55 

M. 

DM.  2°1645. 

A.G.  2754.      9».0 

;  g-.s. 

a  =  7"  14'" 

56^25     :     8  =  -1-1°  56' 

19'.7 

1903.164 

320.2         24.86 

.246 

321.0         23.80 

1903.205 

320.6         24.33 

c. 

DM.  1°1877. 

A.G.  2963.      8>'.7 

;  9».7. 

a  =  7''  se-" 

0».63     ;     8  =  -f  1°  22' 

14'.7 

1903.164 

97.3           5.36 

.246 

98.0           5.71 

1903.205 

97.6           5.53 

M. 

DM.4°1922. 

A.G.  3218.      9«.0 

;  9».5. 

a  =  8''  4"' 

52».27     :     8  =  -(-4°  20' 

57'.6 

1903.164 

28.5           4.77 

.246 

28.0           4.69 

1903.205 

28.3           4.73 

M. 

DM.  1°2302 

A.G.  3784.    9''.0 

ll-.O. 

a  =  gh  21"' 

J7M1     :    8  =  -1-1°  30' 

56'.3 

1902.320 

66.5           3.52 

1902.370 

.    .             3.10 

1903.164 

69.7           3.26 

1902.618 

68.1    .       3.29 

c 

DM.  3°2445. 

A.G.  4181.      9M 

;  9-.3. 

tt  =  10''  55"' 

23'.49     ;     8  =  -1-3°  30 

'  19'.9 

1902.359 

127.0            1.71 

1902.370 

126.3            1.70 

1903.244 

126.1           1.66 

1902.657 

126.5           1.69 

M. 

DM.  2°2449 

A.G.  4308.    8».7 

10".0. 

a  =  ii^ag 

'  37'. 43     ;     8  =  -f-2°  2 

67'.0 

1902.320 

6.9           2.09 

.370 

6.1           1.88 

.414 

4.4           1.34 

1902.368 

5.8           1.77 

c. 
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I)M.3°2640.    A.G.  4479.    9".0  ;  10".0. 

u  =  12''  ly™  3.V.88     ;     S  =  +2°  58'  32'.9 


I  0„ 

1902.320  216.9 

.370  217.9 

.392  215.1 


Po 

6.50 
6.25 
6.31 


1902.361 


216.6 


6.35 


M. 


DM.  2°2550.      A.G.  4504.      S».3  ;  9».0. 

a  =  12''  25'"  56\55     ;     S  =  +2°  39'  43M7 
1902.323         288.6  1.16 

1902.411         290.1  1.23 

1903.288         286.7  1.32 


DM.  4°3055. 

a  =  1.)1'40"' 
/ 

1902.419 
.468 
.504 


A.G.  5276.    9>'.0  ;  10".5. 
21'.9!l     ;     8  = +4°.JO'47'.l 


145.7 
147.9 


1.9S 
1.89 
2.08 


1902.463 

DM.  1°3270. 
a  =  10"  33" 
1902.419 
.468 
.502 


147.4 


1.98 


M. 


A.G.  5503.  9>'.0  ;  ]0>'.2. 
0'.51  ;  8  = +1°50'48'.6 
191.3     2.43 
193.0     2.36 
191.0     3.00 


DM.3''3769.  A.G.  6321.  8".5 

a  =  18'"  35"'  5-.32  ;  8  =  +3°  Ic 

i  e,.  p. 

1902.419    34.s!5    22'o3 
1903.447    348.7    21.73 


1902.933    348.6 


21.88 


C. 


DM.1''4233.   A.G.  7036.   S-.o  ;  10« 

a  =  2^  8°"  18'. 82  ;  8  = +1°  10' U'.fi 
1902.419    358.2     3.54 
.785    358.0     2.54 


1902.674    288.4 


1.24 


(', 


DM.  2°2654.  A.G.  4677.  9".0  ;  lOM. 
a  =  IS""  11"' 48».41  ;  8  = +2°  42' .-)4".0 

1902.323  307.9  3.50 
1903.419  307.7  3.42 
1903.447,   305.1     3.22 


1902.463 

DM.  l''33S7. 
a  =  17"  3'" 
1 1903.419 
.473 


191.8 

A.G. 

8».44  ; 
243.1 
241.9 


2.60 


M. 


5662.   g'-.O  ;  9« 
8  =  +l°5l'18".8 
26.95 
27.42 


1902.602 


.358.1 


3.04 


C. 


1903.063 


306.9 


3.38 


M. 


DM.3''2846.  A.G.  4860.  9".0  ;  10».0. 

tt  =  13"  58'"  39«.72  ;  8  =  +3°  11'  32".4 
1902.3.59    186.9     1.82 
1902.468    184.9     1.94 
1903.419    188.0     1.70 


1903.446 

DM.  3°3596 
a  =  18"  2™ 
1902.419 

.468 

.604 


1902.748         186.8 


1.82 


DM.2°2834.     A.G.  4980.      9".l  ;  9>'.3. 

a  =  14"26"'39».71     ;     8  = +2°  16' 53".7 
1902.419         158.2  1.72 

1902.468         163.7  1.20 

1903.288         158.5  1.95 


1902. 


160.1 


1.62 


M. 


242.5 

A.G. 
43».25 
88.1 
88.9 
88.1 


27.18 


C. 


DM.  4°4470.     A.G.  7147.      8*'.5  ;  8''.5. 

tt  =  20''  26'"  13M 1     ;     8  =  +4°  52'  23".8 
1902.419         235.4  1.60         C 

D.M.2°4232.     A.G.  7239.      9".2  ;  g-.S. 


6092.      9«.0  ;  9".l. 
;     8  =  +3°  16'  29".5 

1.87 

1.83 

1.96 


1902.463 
DM.  3°3671. 

a  =  18"  14™ 

1902.807 
1903.447 
1903.687 


88.4 

A.G. 

27».40 
280.0 
277.4 
281.7 


1.89 


M. 


6188.  9".0  ;  9''.3. 
:  8  =  +8'=  17'  19''.4 

2.61 

2.36 

2  84 


1903.313 
DM.  2''3562. 

a  =  18"  14" 

1902.419 
1902.793 
1903.714 


279.7 

A.G. 

38».70 
36.9 
34.8 
35.9 


2.60 


M. 


6189.  9M  ;  10».2. 
;  8  =  +2°  4'  27'.8 
7.14 
7.62 
7.17 


1902.975 


35.9 


7.31 


M. 


tt  =  20"  38"'  3'.56  : 
1902.793    275.1 
1903.701    273.6 
1903.714    272.5 


8  =  4-2°3l'.30'.4 
4.35 
4.99 
4.89 


1 903.403 


273.' 


4.74 


M. 


DM.  3''4428.  A.G.  7272.   9».0  :  9". 


u  =  20"  43'"  22".  9 
1902.775    260.1 
1902.848    201.0 
1903.701    263.2 


8=  4-4° 
5.02 
5.04 
5.40 


3'55'.l 


1903.108 


261.4 


5.15 


DM.  4°4586.  A.G.  7348.  8".4  ;  10^0. 


a  =  20"  53"'  11«.53 

1902.775  287.9 
1902.848  289.4 
1903.701    287.0 


8  =  +4°  24'  4'.8 
11.35 
10.04 
12.30 


1903.108 


288.1 


11.23 


OBSERVATIONS   AND   CIRCULAR   ELEMENTS   OF   PLANET  [1898  DW]. 

MADE    WITH   THE   26-INCH   EQUATORIAL   AT   THE   U.S.  NAV.il,   OBSEKVATORY, 

Br  \V.  WALTER  DIXWIDDIE.     [Communicated  by  Rear-Admiral  C.  M.  Chester,  0.S.N.,  Superintendent.] 
A  faint  asteroid  was  found  on  a  photographic  plate  ex-      orbit  from  my  micrometer  obsns.  of  Dec.  15,  and  Dec.  18, 
posed  by  Mr.  Peters,  Dec.  11,  1903.     From  its  position      and  find  theelements  agreewith  the  elementsof  [1898  DW] 
and  motion  it  could  not  be  identified  with  any  whose  place      in  every  respect  except  the  position  of  the  planet  in  the 
is  given  in  the  ■Jahrbuch.     I    have  computed   a   circular   I    orbit,  and  this  may  be  accounted  for  by  eccentricity. 


1903  Washington  M.T. 

* 

Comp. 

^a 

Ah 

App.a 

App.  8 

logpA 

Red.  to  App.  PI. 

Dec.  15  11  27  41 
Dec.  18  13  52  16 

1 
2 

10,10 
33,    7 

+  0'"  9!94 
+  2  45.45 

-9'  1S."2 
+  0  22.0 

5"  42™  1.99 
0  38  57.05 

+  9°  20  3o!'3 
+  9     9     8.9 

9.002S»  0.6364 
9.3646    i0.6516 

+  4!57    -7.4 
+  4.60    -7.2 

Mean  Places 

of  Comparison-  Stars  fo 

r  the  beginning  of  the 

year. 

* 

a 

S 

Authority 

* 

a 

S 

Authority 

1 

5''4r47!48       +9°  29  55.9    1  A.G.Leipzig  II  2399          2    |    5''36"7.00         +9°  8  5.41    |  A.G.Leipzig  II  2337 

Epoch  1903,  Dec.  1S.5 


ii  =230°  11'  49" 


i=15°  16'  52" 


fi  =  849''.85     ,     log  a  =  0.413S03. 


CONTENTS. 
Examples  of  Pehiplegmatic  Orbits,  by  G.  W.  Hill. 
Double-Star  Measures,  by  John  A.  Miller  and  W.  A.  Cogshall. 
Observations  and  Circular  Elements  of  Planet  [1898  DW],  by  W.  Walter  Dinwiddie. 


Associate  Editors.  A  5 


(Boston  Postal  District),  Mass.,  sbmi- 
Price,  $s.oo  the  Volume. 

J.   I»<>;}    at  BostQH.  Jfdsa..  as  secon^Uiaf  maae 


Address,  Cambridge,  Mass. 
Press  of  Thos.   P.    Nichols.  Lynn,  .Mass.     Clasrd  Ja 
t  of  Contrast  of  Mnrch  3.  1879. 


THE 


ASTRONOMICAL    JOURNAL. 

FOUNDED     BY      B.     A.     GOULD 

No.  555. 


VOL.  XXIV. 


BOSTON,    1904    FEBRUARY    1. 


SO.  3 


DEFINITIVE   ORBIT   OF   COMET   1845   III, 


The  discovery  of  the  third  comet  of  1845  is  credited  to   I 
CoLLA  of  Parma,  although  the  claim  of  priority  rests  on 
the  narrow  margin  of  a  few  hours  as  against  that  of  Bond 
of  Harvard.     The  first  observations  for  position  were  made 
June  2,  at  Cambridge,  U.S.A.     It  was  not  until  three  days 
after  that  observations  began  to  be  made  in  Europe.     The 
comet  was  very  brilliant  at  discovery,  being  visible  to  the   , 
naked  eye,  and  having  a  tail  a  degree  long.     Quite  a  large 
number  of  observers,  on    both  sides  of   the  Atlantic,  re- 
ported it  as  an  independent  discovery.     Four  days  after 
its  first  announcement  it  passed  near  Capella  about  mid- 
night and  was  estimated  by  Eichter  of  Berlin  as  of  the 
third  magnitude.     For  nearly  two  weeks  it  could  be  ob-  i 
served  at  lower  culmination  with    meridian  instruments.    ] 
The  last  observation  of  this  cliaracter  was  made  at  Ham- 
burg June  15. 

From  the  first,  the  similarity  of  its  orbit  and  physical 
appearance  to  Tycho  I>raiie"s  bright  comet  of  July  1596 
was  recognized.  The  observations  of  this  latter  comet 
were  again  gone  over  by  Valz  and  J.  11.  Hind.  The 
short  period  of  time  embraced  by  the  observations,  as  well 
as  their  somewhat  uncertain  character,  lead  to  varying  re- 
sults, according  to  the  hypothesis  adopted  for  their  reduc- 
tion. Our  present  knowledge  of  the  orbit  of  1845  III 
rests  upon  the  work  of    d' Arrest.     From    the    meridian 


A.  PECK. 

observations,  together  with  the  best  from  the  remaining 
series  at  his  command,  he  deduced  a  parabola,  a  hyperbola 
and  an  ellipse  with  a  period  of  249  years.  Either  of  these 
three  satisfied  the  observations  used  by  him  with  sufficient 
accuracy.  It  has  long  been  recognized  that  a  thorough 
revision  of  all  this  work  was  desirable.  The  present  ar- 
ticle contents  itself  with  the  single  question  as  to  the 
most  probable  orbit  of  1845  III  during  the  time  of  vis- 
ibility, reserving  all  other  phases  of  the  subject  for  an- 
other time  and  place. 

The  entire  series  of  observations  is  embraced  in  a  period 
of  twenty-nine  days,  beginning  at  Cambridge,  U.S.A.. 
June  2,  and  closing  at  Washington  with  a  single  observa- 
tion on  July  1.  This  last  observation  is  of  the  greatest 
importance.  It  fortunately  enables  us  to  answer  without 
hesitation  the  question  as  to  the  form  of  the  orbit,  in  so 
far  as  this  form  relates  to  the  possibility  of  the  identity 
of  the  comet  with  that  of  1596. 

For  the  purpose  of  the  reductions  from  the  equinox 
and  ecliptic  of  1845.0  to  that  of  the  date  of  observation, 
the  following  values  of  the  independent  star  numbers 
were  computed  from  the  data  in  Bauschinger's  Tafeln  zur 
Theoretisrhen  Astronomie.  The  dates  are  with  reference 
to  Paris  Mean  Noon. 


Computation  of  the  Ephemeris 
lo^  (J  sin  (1       log  ;/  cos  G  G  log  ;/ 


log  /. 


June 


■> 

+  .31 

.76 

+  0 

757 

+  1.140 

22  29 

1.174 

196  50 

1.308 

-2.55 

.s 

.90 

758 

.142 

27 

.176 

195  57 

.308 

.42 

4 

;iL 

.05 

759 

.144 

25 

.178 

195  4 

.308 

.29 

5 

.20 

760 

.146 

23 

.180 

194  10 

.309 

.16 

6 

.35 

762 

.148 

21 

.182 

193  17 

.309 

.03 

7 

.49 

763 

.150 

18 

.184 

192  24 

..309 

1.90 

8 

.65 

764 

.152 

16 

.186 

191  31 

.309 

.76 

9 

.80 

765 

.154 

13 

.187 

190  38 

.310 

.63 

10 

.95 

760 

.156 

11 

.189 

189  45 

.310 

.50 

11 

33.11 

767 

.1.58 

8 

.191 

188  52 

.310 

..36 

12 

.26 

768 

.160 

5 

.193 

187  .">9 

.310 

.23 

13 

+  3o 

.41 

+  0 

.71)9 

+  1.162 

•  22  2 

1.195 

187  7 

1.310 

-1.09 

(H) 
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/ 

log  ij  sin  G 

log  (1  cos  G 

0 

logs 

fl 

log  h 

i 

June  14 

+  33.57 

+  0.770 

+  i.i(;4 

21° 

59 

1.197 

186° 

14 

1.310 

-0.96 

15 

.72 

771 

.106 

56 

.199 

185 

21 

.311 

.82 

16 

.87 

772 

.168 

53 

.200 

184 

29 

.311 

.69 

17 

34.02 

772 

.170 

49 

.202 

183  36 

.311 

.55 

18 

.18 

773 

.172 

45 

.204 

182 

43 

.311 

.42 

19 

.33 

774 

.171 

42 

.206 

181 

51 

.311 

.28 

20 

.49 

774 

.176 

38 

.208 

180 

58 

.311 

.15 

21 

.64 

775 

.178 

34 

.209 

180 

6 

.311 

-0.01 

22 

.80 

775 

.180 

30 

.211 

179 

13 

.311 

+  0.12 

23 

.95 

776 

.182 

27 

.213 

178 

21 

.311 

.26 

24 

35.11 

776 

.184 

23 

.214 

177 

28 

.311 

.40 

25 

.26 

777 

.185 

19 

.216 

176 

36 

.311 

.53 

26 

.41 

777 

.187 

14 

.218 

175 

43 

.311 

.67 

27 

.57 

777 

.189 

9 

.219 

174 

51 

.311 

.80 

28 

.72 

777 

.11)1 

5 

.221 

173 

58 

.311 

.94 

29 

.87 

777 

.193 

1 

^223 

173 

6 

.310 

1.07 

30 

36.03 

777 

.195 

20 

56 

.224 

172 

13 

.310 

.21 

July  1 

.18 

777 

.197 

51 

.226 

171 

20 

.310 

.34 

2 

.33 

778 

.198 

47 

.228 

170 

28 

.310 

.47 

3 

+  36.48 

+  0 

778 

+  1.200 

20 

43 

1.229 

169 

35 

1.310 

+  1.61 

The  following  positions  of  the  sun  were  found  with  the 
assistance  of  Xewcomb's  Tables  of  the  Sun.  As  before, 
the  dates  are  with  reference  to  Paris  Mean  Noon. 


App.  Long,  of  O         log  R  Lat.  of  ©   Sidereal  Time 


June  2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

June  24 


71  44  12.7 

72  41  39.6 

73  39  5.6 

74  36  30.8 

75  33  55.1 

76  31  18.5 

77  28  40.9 

78  26  2.3 

79  23  22.7 

80  20  42.0 

81  18  0.5 

82  15  17.9 

83  12  34.6 

84  9  50.4 
7  5.5 
4  19.9 
1  33.8 

87  58  47.1 

88  56  0.0 

89  53  12.4 

90  50  24.6 

91  47  36.5 

92  44  48.2 


85 
86 

87 


0.0063393 
64990 
64562 
65108 
65630 
66127 
66599 
67049 
67476 
67881 
68267 
68634 
69982 
69312 
69626 
69924 
70206 
70473 
70726 
70965 
71190 
71401 

0.0071595 


+  0.17 

+  0.05 

-0.07 

.19 

.27 

.38 

.45 

.50 

.52 

.51 

.48 

.39 

.31 

.18 

-0.04 

+  0.09 

.25 

.37 

.49 

.59 

.66 

.68 

+  0.67 


51 

55 

59 

5  2 


43  14.01 

47  10.57 

7.13 

3.69 

0.25 

56.82 

6  53.37 

10  49.93 

14  46.49 

18  43.04 

22  39.60 

26  36.15 

30  32.70 

34  29.26 

38  25.81 

42  22.36 

46  18.93 

50  15.48 

54  12.05 

58  8.61 

2  5.17 

6  1.72 

9  58.28 


June  25 
26 


App.  Long,  of  O    loS  ^ 
93°  42  59.9   0.0071773 


July 


94  39  11.7 

95  36  23.6 

96  33  35.7 

97  30  47.9 

98  28  0.4 

99  25  13.1 

100  22  26.0 

101  19  39.0 


71934 
72075 
72196 
72295 
72372 
72423 
72448 
0.0072447 


Lat.  of  O  Sidereal  Time 
f  h      m      s 

+  0.65      6  13  54.83 
17  51.39 


.60 

.52 

.44 

.31 

.19 

+  0.07 

-0.05 

-0.16 


21  47.94 
25  44.50 
29  41.05 
33  37.61 
37  34.17 
41  30.73 
6  45  27.29 


Apparent  Obliquity  of  Ecliptic. 

June  2         23°  27  28*1 

4  28.0 

16  27.9 

18  27.8 

23  27.9 

29  27.8 

July  1  27.7 

6  27.8 

In  using  this  table  the  value    remains  the  same  until 

changed  by  a  succeeding  value. 

From  these  data  the  following  coordinates  of  the  sun 
were  computed.  The  right-ascension  contains  the  aber- 
ration, and  the  rectangular  coordinates  are  referred  to  the 
tnie  equinox  and  equator.  The  equation  of  time  is  to  be 
added  to  apparent  time. 


June 


,  apparent  of  ©      Equation  of  Time 


40  51.49 

+  2  22.52 

+  0.317895 

+  0.883982 

+0.383593 

44  57.65 

12.92 

.301791 

.888854 

.385706 

49  4.20 

2.93 

.285599 

.893473 

.387710 

53  11.10 

1  52.59 

.269325 

.897837 

.389604 

57  18.32 

41.93 

.252975 

.901945 

.391385 

1  25.85 

30.97 

.236554 

.905798 

.393056 

5  33.66 

19.71 

.220067 

.909392 

.394615 

9  41.72 

+  1  8.21 

+  0.203519 

+  0.912729 

+  0.396063 
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June  10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

July     1 


I  apparent  of  Q 

5  IS^SO.OO 
17  58.50 
22  7.19 
26  16.04 
30  25.04 
34  34.16 
38  43.39 
42  52.70 
47  2.08 
51  11.50 
55  20.94 
59  30.37 

6  3  39.80 
7  49.18 

11  58.50 
16  7.75 
20  16.89 
24  25.92 
28  34.81 
32  43.53 
36  52.08 
41  0.42 
45  8.51 
6  49  16.34 


+  0 
-0 


1 


Equation  of  time 

+  0°'56.49 
44.54 
32.41 
20.11 
7.66 
4.90 
17.58 
30.34 
43.15 
56.02 
8.89 
21.76 
34.63 
47.46    . 

2  0.22 
12.92 
25.50 
37.98 
50.31 

3  2.48 
14.47 
26.25 
37.78 

+  3  49.05 


+  0.186915 
.170259 
.153557 
.136814 
.120032 
.103218 
.086377 
.069512 
.052628 
.035730 
.018822 
+  0.001910 
-0.015004 
.031917 
.048817 
.065707 
.082579 
.099431 
.11G2.5(; 

,i;'.;;()4'.t 

.14'.>S0S 

.166526 

.183198 

-0.199819 


r 

+  0.915805 
.918622 
.91' 1181 
.91'3477 
.925515 
.927291 
.928806 
.930057 
.931050 
.931782 
.932255 
.932464 
.9;;2413 
.931.'101 
.931526 
.9;-!(I(hS9 
.'.»2'.t5itL' 
.92^23:! 

.'.tL't;(,i;! 
.'.ii'i7.';2 

.922.'>90 

.920186 

.917522 

+  0.914597 


+  0.397398 
.398621 
.399731 
.400728 
.401612 
.402384 
.403042 
.403587 
.404018 
.404336 
.404541 
.404632 
.404610 
.404475 
.404226 
.403863 
.403387 
.402796 
.402092 
.401275 
.400345 
.399301 
.398145 

+  0.396875 


As  a  basis  for  the  ephemeris  the  parabolic  elements  of 
d'Akrest  were  used.  These  elements  are  found  in  A.N. 
XXIII,  p.  351,  and  are  as  follows: 

T  =  June  5.68951  Tails  M.T. 

o)  =    75  48  16) 
Si  =  337  48  49  ^  1845.0 


131     4  52  \ 
=  9.6032278 


and  to  these  correspond  the  equatorial  coordinates 

:<•  =  [9.981653]  r  sin  [180°  48  23."2  +  y] 
y  =  [9.966390] r  sin  [277  47  3.3  +  c] 
z  =  [9.675527]  r  sin  [  57  18     8.8  +  c] 

ErUEMEKIS    FOR    PAKIS    MeAX    NooN. 


a  apparent 

""T  3"l4"59'64 

3  29  52.92 

4  46  33.54 

5  4    4  57.04 

6  24  50.33 

7  45  50.67 

8  5    7  27.04 

9  29    3.90 

10  50    6.33 

1 1  6  10    4.89 

12  28  38.43 

13  45  35.51 

14  7    0  52:61 

15  14  32.20 

16  7  26  40.67 


8  apparent 

-36°32'51."i; 
38  32  55.6 

40  24  31.4 

42  3  31.9 

43  25  58.3 

44  28  34.1 

45  9  13.1 
45  27  20.0 
45  23  56.0 
45  1  19.0 
44  22  34.2 
43  31  10.5 
42  30  28.8 

41  23  26.9 
H40  12  34.8 


logr 

9.616313 
.610296 
.606049 
.603701 
.603324 
.604930 
.608470 

•  .613834 
.620868 
.629384 
.639172 
.650022 
.661725 
.674090 

9.686941 


Ab.  time 
log  J  — (in  days) 


9.9264 
.9186 
.9125 
.9085 
.9065 
.9066 
.9091 
.9137 
.9201 
.9282 
.9379 
.9486 
.9601 
.9724 

9.9849 


0.00487 
479 
472 
467 
465 
465 
468 
473 
480 
489 
500 
513 
526 
541 

0.00557 


u  ai)parcnt 

iT  7"37"26.50 

18  46  58.68 

19  55  26.11 

20  8    2  57.12 

21  9  39.24 

22  15  39.01 

23  21    2.18 

24  25  53.68 

25  30  17.75 

26  34  18.02 

27  37  57.53 

28  41  18.87 

29  44  24.33 

30  47  15.92 

July 

1  49  55.26 

2  52  23.69 

3  8  54  42.51 


S  apparent 


+  38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 


59  50.7 
46  42.2 
34  16.8 
•j3  17.3 
14  15.3 
7  30.0 
3  11.5 

1  23.4 

2  6.9 
5  20.8 

10  59.0 
18  55.3 
29  3.4 
41  17.2 


logr 

9.700129 
.713522 
.727013 
.740512 
.753947 
.767261 
.780411 
.793363 
.806090 
.818577 
.830811 
.842783 
.854491 
.865933 


log  J  - 

9.9978 
0.0109 
.0239 
.0367 
.0494 
.0621 
.0742 
.0862 
.0978 
.1091 
.1202 
.1309 
.1415 
.1516 


24  55  30.2   .877111   .1614 

24  11  34.7   .888027   .1710 

+  23  29  24.4  9.898686  0.1803 


Ab.  time 
— (in  days) 

0.00574 
592 
610 
628 
647 
666 
685 
704 
723 
742 
761 
780 
799 
818 

837 

855 

0.00874 


The  Comparison  Stars. 
The  basis  of  the  star  positions  is  to  be  found  in  the  va- 
rious zones  of  the  A.G.,  re-enforced  whenever  possible  with 
material  from  other  star  catalogues.  Among  these  are 
American  Ephemeris,  B.B.  VI,  Bessel's  Zones,  Funda- 
mental Catalog  of  the  A.G.,  the  various  Greenwich  and 
Pulkowa  Catalogues,  Harvard,  Paris,  Yarnall  and  the  sec- 
ond Washington  Catalogue.  Proper  motions  have  been 
applied  wliere  possible.  In  this  part  of  the  work  I  have 
been  greatly  assisted  by  Professor  Poss  and  Mr.  Rot  of 
the  Dudley  Observatory,  who  furnished  series  of  positions 
from  their  card  catalogue  of  the  brighter  stars.  The 
adopted  jiositions  are ; 
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No.   a  1845.0 

8 

1  3  2-i"h[!)'.77 

+  38' 

'J  3  34  4L02 

42 

3  3  39  18.20 

44 

4  4  1  50.24 

41 

5  4  22  31.40 

42 

0  4  50  57.87 

44 

7  4  54  y.47 

44 

8  4  55  22.89 

49 

9  5  18  43.15 

45 

10  5  37  19.04 

45 

11  5  48  9.06 

44 

12  5  5^  51.48 

45 

13  5  59  50.10 

44 

14  6  0  53.10 

45 

15  0  14  49.18 

44 

16  6  15  24.07 

44 

17  6  17  49.45 

44 

18  6  28  43.00 

44 

19  6  28  55.77 

44 

20  6  31  47.79 

44 

21  6  34  11.34 

44 

22  6  35  33.72 

43 

23  6  37  37.21 

43 

24  6  38  10.34 

43 

25  6  49  9.20 

43 

26  6  49  29.09 

43 

27  6  55  56.73 

43 

28  6  56  37.37 

42 

29  7  0  59.16 

39 

30  7  7  37.71 

42 

31  7  10  5.55 

42 

32  7  11  46.93 

42 

33  7  13  23.84 

40 

34  7  16  49.13 

+  39 

No.      a  1845.0 


8  1845.0 


8  1845.0 

'  a' 39*5 
4  59.8 

29  18.3 

42  43.2 

43  31.0 

47  25.8 
50    2.8 

30  45.7 
41  47.7 

10  27.1 
55  27.6 
33  51.8 
58  21.6 

4  22.8 

48  34.1 
53  30.6 

58  57.5 
8  34.5 

27  49.2 
39  58.7 
23  28.5 
23  28.9 

59  47.6 

55  29.8 

11  18.5 
10  22.9 

5  49.2 
58  19.8 
33  59.7 

8  35.0 

56  12.1 
56  59.1 
58  50.2 
37  13.6 


The  Observations. 

So  far  as  known,  the  following  is  a  complete  list  of  the 
observations  of  this  comet: 

Altona.  Observations  found  in  A.N.  XXIII.  The  ob- 
servers were  Peterson  and  Schumacher.  No  particulars 
are  given  as  to  instrument  used.  It  is  noted  that  the  ob- 
servation of  June  10  is  made  with  a  ring  micrometer  and 
not  fully  reduced.  The  first  observations  of  June  15  and 
17  depend  on  stars  whose  position  is  not  given.  None  of 
these  are  used. 

Ashurst.  In  Monthly  Notices,  Vol.  VI,  p.  254,  are  men- 
tioned observations  made  by  E.  Snow,  Esq.,  June  9,  10,  11 
and  12.  No  data  are  giveu  by  which  accurate  positions 
can  be  deduced.     The  observations  are  therefore  useless. 

Berlin.  Observations  reduced  from  the  Berliner  Beohac- 
tungen,  Bd.  III.  They  consist  of  a  series  of  meridian  ob- 
servations made  at  lower  culmination  by  Galle,  and  also 
of  filar  micrometer  observations  made  upon  the  equatorial. 
Some  of  the  observations  are  also  found  in  A.N.  XXIII. 

Bonn.  Observations  bj'  Argelander  with  the  five-foot 
telescope  and  published  in  A.N.  XXIII. 

Breslau.     Two  observations  by  Schubert  and  published 


35 

7 

19  29.77 

+  41  9  34.4 

36 

7 

20  19.21 

40  46  14.5 

37 

7 

20  22.77 

40  40  28.0 

38 

7 

24  35.53 

40  50  10.9 

39 

7 

30  41.74 

39  33  47.9 

40 

7 

32  38.71 

39  39  16.8 

41 

7 

34  23.11 

39  56  54.3 

42 

7 

36  18.06 

37  53  12.5 

43 

7 

39  21.58 

38  24  8.4 

44 

7 

40  58.01 

37  28  6.6 

45 

7 

42  10.14 

38  19  50.6 

46 

7 

43  28.07 

38  55  29.9 

47 

7 

44  33.73 

38  14  42.6 

48 

7 

59  34.90 

36  9  1.5 

49 

8 

0  5.46 

35  54  49.2 

50 

8 

11  44.51 

34  25  17.6 

51 

8 

19  27.92 

33  12  3.1 

52 

8 

22  56.23 

31  21  11.1 

53 

8 

24  24.32 

31  24  17.1 

54 

8 

26  29.25 

30  32  51.3 

55 

8 

28  39.84 

30  33  18.8 

56 

8 

29  4.49 

31  14  58.1 

57 

8 

31  58.74 

29  25  29.9 

58 

8 

32  0.60 

29  23  52.7 

59 

8 

32  9.61 

30  32  27.6 

60 

8 

32  33.38 

29  26  14.5 

61 

8 

35  50.18 

31  15  15.6 

62 

8 

37  18.35 

29  19  20.3 

63 

8 

37  46.07 

28  43  32.6 

64 

8 

43  8.75 

28  50  11.1 

65 

8 

43  21.22 

28  55  6.4 

66 

8 

46  21.95 

28  30  53.3 

67 

8 

49  41.57 

+  24  33  40.8 

without  particulars  in  A.N.  XXIII.  The  times  of  obser- 
vations are  not  given  but  the  coordinates  aie  reduced  to 
11"  0"  Breslau  M.T. 

Brussels.  Meridian  observations  made  at  lower  culmi- 
nation and  found  in  C.R.  XX,  A.N.  XXIII,  and  also  in 
Ann.  de  I'  Obs.  de  Bruxellcs,  XII.  The  right-ascensions 
were  observed  on  the  meridian  transit  Ijy  Bouvv,  Liaore 
and  Quetelet  ;    the  declinations  on  the    mural  circle  by 

HOUZEAU. 

Cambridge,  Kng.  Meridian  observations  at  lower  cul- 
mination. One  is  reported  by  Hind  in  A.N.  XXIII. 
The  others  are  found  in  the  Cambridge  Observations,  XVI. 
After  searching  in  several  observatory  libraries  for  this 
apparently  somewhat  rare  volume,  the  observations  were 
furnished  me  by  Professor  Gkaham,  the  present  director 
at  Cambridge.  The  right-ascensions  were  observed  by 
Morgan  on  the  transit  instrument  and  the  declinations 
by  Challis  on  the  mural  circle.  Professor  Graham 
also  says  :  "  There  are  a  few  extra  meridian  observations 
in  manuscript,  made  on  the  same  nights  and  on  June  16; 
but  the  discussion  of  these  is  so  confusing,  and  in  the 
case  of  the  last  so  decidedly  in  error,  that  I  fear  they 
could  not  be  relied  on  in  the  determination  of  the  orbit." 

Cambridge,  Mass.  Observations  contained  in  the  Pro- 
ceedings of  the  American  Academy  of  Arts  and  Sciences, 
Vol.  I.  In  response  to  a  note  of  enquiry,  Professor  Pick- 
ering states  that  "it  is  not  certainly  known  wliat  instru- 
ment was  employed  in  the  observations  you  mention,  but 
probably  it  was  the  five-foot  telescope  mentioned  on  page 
XVIII  of  Vol.  I  of  the  Annals  of  this  observatory."  The 
following  notes  accompanying  the  observations  have  a 
bearing  on  their  use  for  the  present  purpose : 

June  2.  The  observations  of  this  morning  are  made 
with  the  spider-line  micrometer,  and  under  favorable  cir- 
cumstances. 

June  4.  The  differences  of  A.E.  were  obtained  this 
day  from  the  hour  circle  of  the  equatorial,  which  reads  to 
single  seconds  of  time. 

June  6.  The  observations  are  made  as  on  the  4tli.  On 
the  9th  and  10th  the  observations  are  made  with  the 
spider-line  and  annular  micrometers. 

June  25.  Observed  with  the  spider-line  and  annular  mi- 
crometers, the  comet  being  still  sufficiently  bright  to  bear 
illumination. 

The  observations  of  June  14  and  June  24  depend  upon 
stars  that  can  not  with  certainty  be  identified.  They  have 
therefore  been  disregarded. 

Geneva.  A  single  observation  by  Plantamour  pub- 
lished in  A.N.  XXIII. 

Gciftingen.  A  single  meridian  observation  by  Gauss 
published  in  A.N.  XXIII. 

Greenwich.  A  series  of  observations  contained  in  the 
Greenwich  Observations  for  1845,  and  made  upon  the  equa- 
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torial  by  Main,  Rogerson  and  William  Richardson. 
Both  the  right-ascensions  and  declinations  depend  entirely 
on  circle  readings.  The  grade  of  the  entire  series  is  so 
poor  that  it  has  been  disregarded  in  computing  the  orbit. 

JIanburg.  These  observations  consist  of  a  series  made 
by  Rt'MKER  on  the  meridian  circle  in  both  coordinates,  a 
second  series  of  right-ascensions  by  Funk  on  the  transit 
instrument  and  a  single  filar-micrometer  observation  by 
RiJMKER.  All  are  published  in  A.N.  XXIII,  and  the  first 
series  is  also  in  C.li.  XX. 

Kiiniijahenj.  Two  series  of  observations.  The  first  was 
made  by  Busch  in  the  meridian  at  lower  culmination,  the 
other  was  made  upon  the  heliometer  by  Wichman.  They 
are  to  be  found  in  A.X.  XXIII,  XXIX,  and  also  in  the 
Konig.iberf/er  Beohb. 

Krevismunster.  Observations  by  Reslhuber  published 
in  A.N.  XXIII.  The  series,  which  is  quite  extended,  is  of 
such  poor  quality  that  it  has  been  entirely  disregarded. 

London.  Observations  made  by  Hind  at  Mr.  Bishop's 
private  observatory.  They  are  published  both  in  A.N. 
XXIII  and  in  the  volume  known  as  Bishop's  Observations. 
The  observations  are  made  in  part  on  the  equatorial  and 
in  part  with  an  altitude  and  azimuth  instrument  mounted 
as  a  transit  circle.  The  equatorial  had  a  seven-inch  lense 
of  about  eleven-foot  focus  and  was  furnished  with  a  wire 
micrometer.  The  following  notes  have  a  bearing  on  the 
orbit : 


June  10 
obtained. 
June  1  2, 
June  18 


Only  an  approximate  instrumental  place  was 


Good  differential  and  meridian  observations. 
Only  instrumental  places  taken. 

Modetm.  A  long  series  from  June  6  to  June  27.  They 
are  to  be  found  in  A.N.  XXIII  and  C.R.  XX.  The  ob- 
servers were  Bianchi  and  Gobbi.  From  the  period  they 
cover,  they  would  be  of  the  greatest  value  if  reliable. 
They  are  however  worthless  and  present  a  fine  example  of 
misdirected  zeal.  They  have  of  necessity  been  entirely 
disregarded  in  the  following  discussion. 


Padua.  Another  series  of  untrustworthy  observations 
found  in  A.N.  XXIII.  These  would  also  have  been  of 
great  value  as  tliey  cover  the  later  portion  of  visibility. 
No  account  has  been  taken  of  them,  however,  in  the  fol- 
lowing discussion. 

Paris.  The  observations  of  Mauvais,  Laugier,  Eugene 
Bouvard,  Faye  and  Goujon,  are  given  in  Vol.  XIX  of  the 
Annales  de  V  Observatoire  de  Paris.  I  have  omitted  the 
obser\ration  of  the  6th,  the  first  observation  of  the  7th  and 
that  of  the  19th.  The  first  two  are  referred  to  comparison 
stars  from  one  to  two  degrees  distant  in  declination,  and 
for  the  last  the  comparison  star  could  not  with  certainty 
be  identified. 

Vienna.  From  the  Annalen  der  Stermvarte  in  Wien 
(S  II)  XIII.  The  observers  were  Jelinck,  Hornstein 
and  Schaub.  All  the  observations  were  made  with  the 
ring  micrometer,  except  that  on  the  12th  the  filar  microme- 
ter was  used.  An  observation  for  the  7th  is  given  in  A.N. 
XXIII  hut  has  not  been  retained  here.  On  the  18th  the 
observer  professes  to  have  made  differential  filar  microme- 
ter observations,  using  two  stars  seven  and  fourteen  degrees 
distant.  On  this  account  the  observation  has  been  disre- 
garded. 

Washington.  These  observations  appear  in  the  first 
volume  of  the  Astronomical  Journal  and  also  in  the  second 
volume  of  the  Wasltington  Obserrations.  Those  used  have 
been  reduced  from  the  data  furnished  by  the  latter  volume. 
Several  observations  have  been  reluctantly  abandoned  be- 
cause the  comparison  stars  could  not  be  absolutely  identi- 
fied. The  observers  were  Coffin  and  Hubbard.  The 
telescope  was  an  equatorial  of  9.65  inches  aperture  and  14 
feet  4.3  inches  focal  length.  It  was  furnished  with  a  filar 
micrometer.  On  account  of  the  length  of  time  covered, 
this  series  is  the  most  important  of  all. 

Comparison  of  Observations  with  the  Ephemeris. 

In  comparing  the  observations  with  the  ephemeris,  the 
time  of  observation  has  been  corrected  for  aberration  and 
then  reduced  to  the  meridian  of  Paris. 
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8  apparent 

7T 

a8 

* 

2.85i"4:5 

Cambr.,U.S.A. 

3"27'"34.'l9 

-0.64 

+  3.4 

+  38°  is'  26*1 

+   6'9 

+    l'.4 

1 

4.8;!925 

Cambr.,U.S.A. 

4     1  56.93 
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49.45 
49.20 

20  6.40 
20.44 
21.08 

21  18.01 

35  15.08 
48.36 

36  7.34 

35  50.21 

36  13.19 
17.28 
38.70 
50.78 
54.04 

37  2.25 
34.20 
44.49 
44.19 
44.36 
59.16 

38  11.64 


+  (i.;;o 

..■!4 
.38 
.17 
.17 
.00 
.06 

.00 
.00 
.00 
.00 
.00 
.00 
.56 
.53 
.30 
.33 
.40 
.33 
.28 
.25 
.27 
.07 
.14 
.00 
.00 
.00 
.00 
.00 
-  0.00 


+ 


+ 


2.1 
0.5 
0.9 
3.1 
5.3 

1.4 

2.8 
5.5 
0.0 
2.3 
.3 
2.9 

-  1.0 

-  9.2 

(  +  3'14".8 

-  1.9 

-  8.8 
+  1.7 

-  6.2 
11.3 

1.5 
3.5 

-  3.2 
+  2.7 

-  0.5 
2.0 

14.5 

-  3.6 


+  44  46  35.7 

30.2 

8.3 

2  2 

45  3.7 

44  13.2 

43  31.5 

22.6 

5.0 

42  25.6 

41  52.4 

42  2.8 
39  53.2 

4  15.6 

2  38.5 

20.2 

27.7 

29.6 

0  6.3 

43  59  26.2 

23.9 

58  53.2 

57  19.8 

56  54.0 

53.6 

11.0 

+43  55  29.9 


+  9.4 
9.4 
9.7 
9.9 
9.9 
10.2 

10.  i 
10.3 
10.3 

10.3 

10.3 

10.3 

7.1 

8.3 

8.9 

14.1 

8.8 

9.3 

9.5 
9.4 
9.8 
9.8 
10.1 
10.1 

10.1 

10.1 

+  10.1 


-  1.5 
+  7.9 

-  5.3 
0.2 

-10.1 
+  4.7 

-  3.3 
+  0.3 

5.2 

+  0.5 

-  2.8 
+  10.9 

1.7 

0.6 

+  1.8 

-  8.4 

-  3.6 
+  8.7 

+  1.6 

-  1.2 
+  3.2 

-  2.6 

+  0.7 

+  5.3 

6.3 

0.4 

+  6.7 


15 

17 
15.20 

17 

15 
Jler. 
15,16,18.19,20 
15,18,19,20 
Mer. 
Mer. 
Mer. 
Mer. 
Mer. 
Mer. 

11 

20 

22 

22 

21 

23 

23 

22 

22 

23 
Mer. 
Mer. 
Mer. 
!\Ier. 
Mer. 
Mer. 
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0  — C 

0  — c 

Date 

Place 

a  apparent 

7t 

Att  COS  8 

8  apparent 

n 

a8 

* 

12.55323 

London 

e^as 

13.12 

+  0.00 

-  3.3 

+  43 

55  15.8 

+io'.i 

-  3*0 

Mer. 

12.59985 

Washington 

59.72 

.62 

1.5 

53  52.9 

7.1 

-  3.9 

24 

13.44405 

Altoua 

52 

34.14 

.28 

6.8 

5     2.8 

9.1 

+   1.0 

27 

13.44f322 

Berlin 

36.79 

.25 

-   1.7 

4  54.0 

9.2 

-   0.2 

25,  26 

i:!.52320 

Berlin 

53 

48.01 

.00 

+  2.7 

0  15.0 

9.9 

+   1.9 

Mer. 

13.53276 

Hamburg 

56.45 

.00 

-  0.5 

42 

59  44.5 

9.8 

+   6.4 

Mer. 

13  53276 

Hamburg 

56.61 

.00 

+    1.2 

Mer. 

13.56014 

Cambr.,  Eng. 

54 

21.57 

.00 

+   0.7 

57  54.1 

9.9 

-  3.6 

Mer. 

13.57778 

Washington 

35.65 

.65 

-13.2 

56  56.1 

6.1 

+  0.6 

28 

13.59111 

Cambr., U.S. A. 

46.84 

.57 

(24.5) 

55  56.7 

7.2 

-  9.6 

31,32 

14.44026 

Koulgsberg 

7     7 

4.70 

.21 

'>  y 

1  27.9 

9.1 

+   1.7 

.30 

15.42308 

Bonn 

7   19 

50.27 

+  0.38    ■ 

-   4.6 

+  40 

.53  44.7 

+  8.0 

-r    4.3 

35 

15.44508 

lionn 

20 

6.97 

.33 

+    1.2 

52     5.2 

8.4 

-   1.4 

33 

15.45595 

Altuna 

14.16 

.26 

-   8.3 

51  35.4 

8.6 

+  15.0 

38 

15.46342 

Bonn 

19.04 

.28 

-14.8 

50  47.9 

8.6 

-  0.7 

38 

15.47555 

Konigsberg 

29.38 

.12 

+    1.1 

49  57.0 

9.1 

+  0.6 

35 

15.54599 

Hamburg 

21 

20.97 

.00 

3.1 

44  56.5 

9.2 

0.1 

Mer. 

15.54.599 

Hamburg 

20.77 

.00 

0.8 

Mer. 

15.59127 

Washington 

53.05 

.60 

3.1 

41  48.4 

5.9 

1.7 

36 

15.59881 

Washington 

58.55 

.59 

+  3.7 

15.2 

6.1 

1.2 

37 

16.41594 

Berlin 

31 

18.30 

.34 

-   1.7 

39 

42  22.3 

8.0 

2.1 

39 

16.41857 

Paris 

19.22 

.43 

10.4 

18.0 

7.6 

9.4 

34 

16.42582 

Bonn 

24.65 

.37 

2.8 

41  37.4 

7.8 

0.7 

41 

16.44951 

Paris 

39.89 

.37 

4.8 

40     5.5 

8.1 

+  12.5 

29 

16.1.^871 

Berlin 

45.68 

.24 

+   3.4 

39,40 

16.47969 

Kiinigsberg 

32 

0.17 

.12 

+  3.2 

37  40.i 

8.8 

-   0.5 

41 

17.41125 

Vienna 

41 

29.58 

.40 

-  2.7 

38 

29  38.1 

7.5 

+  0.9 

46 

17.45074 

Konigsberg 

52.86 

.19 

+  0.8 

26  47.0 

8.3 

+  4.0 

43 

17.45770 

Altona 

57.71 

.25 

+  11.7 

11.5 

8.1 

-  0.9 

42 

17.46629 

Berlin 

42 

1 .53 

.21 

-  1.5 

25  24.0 

8.2 

-10.9 

43 

17.58564 

Washington 

43 

9.11 

.56 

3.0 

16  56.3 

5.3 

+   2.0 

45 

17.60280 

Cambr.,U.S.A. 

18.25 

.49 

10.4 

15  34.8 

6.3 

-   2.5 

42 

17.60745 

Washington 

21.13 

.53 

7.0 

28.0 

5.8 

+  11.4 

47 

1S.H'S35 

Paris 

50 

43.44 

.39 

+  4.3 

37 

15  32.3 

7.2 

7.5 

44 

IS.  1.;  608 

London 

46.00 

.36 

-12.7 

11.0 

7.1 

(19.2) 

19.11495 

Konigsberg 

58 

39.45 

.26 

+   0.6 

3(; 

4  30.4 

7.5 

+   1.1 

48 

19.5S8;!6 

Cambr., U.S. A. 

59 

57.56 

.47 

•'■- 

35 

52  25.7 

5.6 

+  13.3 

49 

20.42112 

Hamburg 

8     5 

52.03 

+  0.30 

+  3.9 

+  34 

53     1.1 

+   7.0 

(-49.5) 

20.44176 

Altoua 

6 

1.31 

.27 

(14.6) 

52  12.7 

7  2 

-11.8 

50 

21.4161  1 

Konigsberg 

12 

13.77 

.24 

+  3.2 

33 

46     7.2 

7.1 

+   3.1 

50 

23.40733 

Paris 

23 

3.16 

.35 

-12.3 

31 

37  39.6 

5.9 

2.5 

56 

23.4073;; 

Paris 

3.53 

.35 

-   7.6 

39.5 

5.9 

2.4 

61 

23.41981 

Paris 

8.10 

.34 

+  3.8 

36     1.3 

6.1 

11.0 

61 

23.59432 

Washington 

58.10 

.43 

-  5.1 

26     9.4 

4.6 

+  4.6 

53 

23.60570 

Washington 

24 

1.85 

.42 

+  0.5 

25  19.9 

4.8 

-   2.8 

52 

24.58988 

Washington 

28 

31.73 

.42 

-   4.6 

30 

26  27.8 

4.4 

(  +  24.9) 

55 

24.59030 

Washington 

31.83 

.42 

4.7 

7.5 

4.4 

+  6.1 

59 

24.60182 

Washington 

35.02 

.41 

-   2.7 

17.5 

4.6 

-   2.S 

54 

25  ;;7600 

Vienna 

31 

51.70 

.38 

(  +  17.7) 

29 

40  44.6 

5.0 

(+20.7) 

62 

25..59192 

Cambr., U.S.A. 

32 

41.92 

.37 

-  4.7 

28  28.1 

4.8 

(  +  19.9) 

62 

25.59842 

\\'ashington 

32 

44.23 

.39 

-  4.4 

57 

25.59842 

Washington 

43.45 

.39 

+  3.2 

58 

25.59842 

Washington 

44.04 

.39 

-   3.0 

27  57.4 

4.6 

+   5.1 

60 

25.60717 

Washington 

46.18 

.40 

-  4.2 

22.4 

4.7 

v>.7 

62 

26.58085 

Cambr.,U.S.A. 

36 

27.89 

.37 

+   5.1 

28 

33  26.8 

4.6 

+   2.2 

63,  64,  65, 66 

.hily 

1.58192 

Washington 

8  51 

22.29 

+  0.34 

■  .■;.2 

t-L'l 

29  ;;o.:; 

—    3.S 

—   3..'! 

•  '7 
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In  forming  the  normal  places  the  following  weights  were 
given  the  various  series  of  observations  : 


Berlin, 

2.0 

Hamburg, 

1.5 

Kiinigsberg. 

2.0 

Vienna, 

1.5 

Washington, 

1.5 

All  others  are  given  the  weight  unity,  except  when  en- 
closed in  (  ).     These  latter  are  excluded. 

Normal  Places  and  Equations  of  Condition. 


Ja  cos  8 


Wt. 


j8 


Wt. 


June    6.0 

-0.97 

13.5 

+  1.61 

15.5 

"lO.O 

-1.55 

43.0 

+  1.4S 

38.0 

12.0 

-2.71 

52.5 

+  0.51 

49.5 

16.0 

-1.08 

36.5 

+  2.10 

31.5 

24.0 

-1.91 

22.0 

+  2.23 

16.0 

July    1.5 

-3.2 

1.5 

-3.3 

1.5 

elements  of  d'Akrest.  As  will  be  recalled,  these  are 
founded  on  the  hypothesis  of  possible  identity  with  Tycho 
Urahe's  comet  of  1596.  In  this  manner  the  coefficients 
were  shown  to  be  of  sufficient  accuracy  to  meet  any  de- 
mands made  upon  them.  It  was  also  proven  that  the 
apparent  validity  of  these  elliptic  elements  arises  from  the 
short  arc  used.  During  the  period  covered  by  the  meridian 
observations,  there  is  substantial  agreement  between  the 
places  computed  from  the  parabolic  and  elliptic  elements, 
but  immediately  afterwards  a  sharp  divergence  in  the 
right-ascensions  begins.  The  differences  for  the  normal 
dates  were 


Before  proceeding  to  the  solution  of  the  equations  of 
condition  an  ephemeris  was  computed  from    the   elliptic 


une    6.0 

+  0.41 

June  16.0 

-0.03 

1(1.0 

-0.03 

24.0 

-3.74 

12.0 

+  0.05 

July     1.5 

-9.10 

six-place  logarithms  being  used. 

The  ScHONFELD  equations  and  their  solution  are 

9e 


+  9.6694  aK 

-0.2622x72^7' 

-9.6610  .-(y 

+  8.7342  o-A 

+  6.8234  ,Jv 

+  7.8367-^ 

+  9.9868 

+  9.6534 

-0.2466 

-9.3992 

+  9.0930 

+  8.7212 

+  8.9763 

+  0.1903 

+  9.5572 

-0.1777 

-8.9819 

+  9.1441 

+  8.9524 

+  9.1093 

+  0.4330 

+  9.1513 

-9.9640 

+  9.3605 

+  9.1212 

+  9.1898 

+  9.2409 

+  0.0334 

-9.2250 

-9.3758 

+  9.8171 

+  8.8280 

+  9.3451 

+  9.;!S23 

+  0.2810 

-9.4949 

-7.9816 

+  9.9141 

+  8.0949 

+  9.3843 

+  9.4826 

+  0.5051 

+  9.2348 

-9.8460 

+  0.0308 

-9.2052 

-7.2944 

+  7.4383 

-0.2068 

-9.1059 

+  9.1051 

+  0.0730 

-9.1967 

-8.8249 

+  8.0981 

-0.1703 

-9.3891 

+  9.6361 

+  0.0887 

-9.2189 

-9.0272 

+  7.6595 

-9.7076 

-9.5581 

+  9.8298 

+  0.0879 

-9.2248 

-9.2934 

-7.9611 

—  0.3222 

-9.5666 

+  9.7403 

+  0.0120 

-9.0068 

-9.5239 

+  7.4702 

-0.3483 

-9.5236 

+  9.5871 

+  9.9299 

-8.3106 

-9.6000 

+  8.4953 

+  0.5185 

r-o^« 


the  coefficients  being  given  by  their  logarithms. 

The  normal  equations  are 

+  1.4842  ,?K   -1.98G5  K-^oOT  -1.6934%   + 1.0282  aX  +0.9349  9v  +0.6172 

-1.9865         +2.5648  +1.9174  -1.5261  -1.4376  -1.3919 

-1.6934         +1.9174  +2.3601  -1.4508  -1.2859  +0.6259 

+  1.0282         -1.5261  -1.4508  +0.7927  +0.6890  +0.4109 

+  0.9349         -1.4376  -1.2859  +0.6890  +0.8165  +0.4847 

+  0.6172         -1.3919  +0.6259  +0.4109  +0.4847  +0.5788 


+  2.1105 

-2.6675 
-2.3684 
+  1.8359 
+  1.7937 
+  1.6327 


'"rem  these  are  formed  the  elimination-equations. 


ae 


Bk  ~0.5023k-^2DT  -0.2092%  +9.5440  ax  +9.4507^1-  +9.1330  -j^-  +0.6263   =   0 


de 


K^2'dT  -0.1001  Dq  +7.7654  a\  -6.6665  ,)v  -9.2894  -—  -9.9696 


de 


Oq  -9.2767  9A.  -8.9879  ^i-  -8.8024  —  -0.2275 
\>\  +0.2517  9v  +0.0425  '-^  +1.0964 


-dv  +9.2321  -^  +0.4605 


+  0.9517 
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From  these  the  values  of  the  unknown  quantities  are 

Ok  =  +0.25     I     c)\  =  -0.18 
K-^^_OT  =  +0.40  3v  =  -1.36 


,),i  =  +0.96 


-8.95 


The  corrections  to  the  parabolic  elements  are 


,}T  ^  +0.00008 
3oj  =  -0".86 
as  =  -1-69 


di   =  -0".51 

d<i  =   +0.0000047 

3e  =   -0.0000868 


and  therefore  the  elliptic  elements, 

T  =  June  5.68959  Paris  :\r.T. 

„  =     75°  48'  15."!  ) 

S2  =  337  48  47.3  [-1845.0 
/  =  131     4  51.5  ) 
log  q  =  9.603233 
log  e  =  9.999962 

A  substitution  in  the  equations  of  condition  yields  as 
residuals 

Jacosd  JS  JacOsS  J8 

+  o"2  +o'8  +0^8  +o'4 

+   .2         +0.3         +   .1  +   .7 

-0.8         -0.9  -0.9         -4.5 

and  places  computed  from  the  elements  are  in  agreement 
with  the  limits  of  error  of  a  six-place  table. 

The  most  superficial  examination  of  these  figures  shows 
that  the  value  of  the  eccentricity  is  not  reliable,  as  its 
probable  error  is  in  considerable  excess  of  de.  In  order  to 
examine  the  limits  within  which  it  can  vary,  the  other 
variables  were  expressed  as  functions  of  the  last  with  the 
result  that 

Syracuse  University,   190:5  December  9. 


3k  =  +2.42     +0.2442 

Ky/2dT  =  +1.00     +0.0695 

3q  =  +0.02 

yx  =  -7.33 

=  -2.89 


-0.1041 


de 


de 


de 


0.7981  ^ 


dv 


-0.1706 


Substituting  in  the  weighted  equations  of  condition  the 
values  of  2'pvv  are 


de 

2  per 

de 

SpcB 

+  60 

222 

-20 

160 

+  40 

194 

■   -40 

163 

+  20 

174 

-60 

180 

0 

163 

-80 

202 

and  for  a  period  of  249  years  Zpw  =  45000"  ±,  showing 
that  the  orbit  is  not  with  certainty  to  be  distinguished 
from  a  parabola. 

Adopting   de  =  0    as  the  only  hypothesis  that  can  be 
considered  as  consistent  with  all  the  facts 

dT  =  +0.00020  di  =  -7".81 

So)  =  +1".54  (>logq  =  0 

dSi  =  —1.34 
and  we  may  adopt  as  the  definitive  elements  the  system 
T  =  June  5.68971  ±  0.00038  Paris  M.T. 

0,=    75°48  17.5  ±  9^43  ) 
Q  =  337  48  47.7  ±  5.90  [-1845.0 
i.  =  131     4  44.2  ±  7.46  ) 
log  q  =  9.603228  ±  33  (unit  being  sixth  place) 
Since  these  corrections  are  apparently  the  accidents  of 
computation,  we  may  conclude  that  the  complete  exami- 
nation of  the  observations  substantiates  the  parabolic  orbit 
of  d'Akkest,  while  it  shows  that  his  ellipse  must  be  aban- 
doned as  being  contrary  to  fact. 


4(32), 


OBSERVED   MAGNITUDES   OF  62.1903  ANDROMEDAE  (DM.  +43 

By  J.  A.  PARKHURST 

This  star  (11*  following"  787  W  Andromedae)  is  consid- 
ered variable  by  Father  Hagen  (A.N.  3917).  I  have  the 
following  observations,  made  when  using  it  as  a  compari- 
.son  star  for  the  variable.  The  magnitude  scale  is  nearlj' 
that  of  the  DM.,  the  neighboring  stars  +43''467  and 
+  43°460  being  8«.9  and  9''.0  in  the  DM.,  and  9". 06  and 
and  8". 94  by  my  measures. 

The  fluctuations  noted  seem  scarcely  greater  than  would 
be  expected  in  case  of  a  reddish-yellow  star. 

Yerkes  Observatory,   1904  Jon.  3.  

OITOSITION-TIME   OF    (15)  EUNOMIA. 

Prof.  liAisruiNfiEK  writes  to  note  that  the  error  of  the  Ji.J.  for  1905  in  the  opposition-time  of  (lo)  Exnomia, 
spoken  of  in   A.I.  551.  had  already  been  corrected  by   UKRiiERirn.  last  August,  in   .-(..A'.  3892.  —  Ei>. 


V 

SI:aL 

Photometric 

Date 

Aper 

Mag. 

Date 

Aper 

-Mag. 

1899  Feb. 

6     6 

9.5 

1902  Feb.     4 

40 

9.22 

Oct. 

18     6 

9.5 

Mar.    4 

io 

9.05 

23     6 

9.4 

27 

12 

9.28 

28     6 

9.3 

Oct.   29 

1'' 

9.10 

Nov 

4     6 

9.2 

1903  Nov.  17 

12 

9.23 

1900  Feb. 

16     6 

9.6 

IS 

12 

9.28 

19 

12 

9.24 

Dec.     6 

6 

9.33 

21 

6 

9.33 
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OBSERVATIONS  OF  THE   SATELLITES  OF    URANUS, 

MADK    WITH   TlIK   26-INCH    EliU  ATOKl  A  I,    AT   Till-:    I'.S.   NAVAI.    OBSERVATORY, 

By  W.  W.  DIXWIDDIE. 
[Communicated  by  Rear-Admiral  C.  M.  Chester,  U.S.N. ,  Superintendent.] 


1903  Washington  M.T. 

P 

Wash.  M.T. 

8 

1903  Washington  M.T. 

P 

Wash.  M.T. 

a 

Titania. 

Apr.  28  15  ;W 

U\ 

181.78 

h        11 

15  34 

» 
6 

25.50 

June  21 

h        m       > 

11  52  22 

246.73 

11  52  57 

33.07 

29  15  46 

6 

219.86* 

15  46 

51 

30.99 

;5(» 

10  58  28 

256.29 

10  58  24 

32.70 

May   28  14     4 

2 

337.32 

14     2 

53 

32.33 

July    19 

9  43  20 

320.37 

9  43     3 

31.83 

June    3  13     0 

13 

228.58 

13     2 

18 

31.80 

21 

9  13  59 

43.64 

9  14  43 

32.45 

S20  12     7 

0 

204.72 

12     7 

27 

32.78 

24 

9     2  49 

166.74 

9     3  19 

31.59 

Titania-  Oheron. 

Apr.  28  15  54 

24 

345.97 

h        n 

15  54 

47 

73.36 

June  21 

12     8  15 

13.81 

12     8     8 

55.12 

29  15  57 

17 

17.58 

16     3 

43 

70.89 

30 

11   15     8 

168.84 

11  15  23 

28.59 

May  28  14  30 

34 

96.67 

14  30 

54 

49.07 

July  19 

9  59  34 

51.72 

9  59  34 

29.66 

June    3  13  23 

56 

192.88 

13  24 

30 

11.41 

21 

9  29  53 

86.47 

9  30     6 

14.22 

20  12  22 

57 

341.35 

12  22 

58 

60.70 

24 

9  18  11 

89.03 

9  19  10 

22.17 

Oberon. 

June    3  13  46 

38' 

217.01 

13  48 

12 

45.31 

June  30 

11  34  43 

215.34 

11  36  55 

43.52 

20  12  40 

26 

308.19 

12  40 

56 

43.22 

July  21 

9  43  52 

57.93 

9  44  42 

42.76 

21  12  24 

58 

337.26 

12  25 

29 

43.05 

24 

9  32  32 

136.11 

9  33     6 

43.87 

•Only  five  measures  of  position  angle. 
Tlie  above  measures  were  all  made  by  tlouble  distances,  four  com- 
parisons on  eacli  side  of  coincidence  ;  and  eight  position  angles. 
In  the  measures  of  Titania  and  Uranus,  and  Oberon  and  Vranns, 
the  disk  of  Cranus  was  bisected.  A  magnifying  power  of  six  hun- 
dred diameters  was  used.  The  measures  have  lieen  corrected  for 
refraction,  Oberon  and  Titania  have  been  almost,  if  not  quite,  as 
difficult  at  this  opposition,  as  the  Satellite  of  Xeptune  was  at  the  last 
opposition  of  Xeptune,  and  on  account  of  the  low  declination  of 
Washington,  D.C.,   190^  October  12.  


Uranus,  there  was  mucli  less  chance  for  observing.  The  compari- 
son of  Oberon  with  the  planet  was  always  the  last  measure,  which 
accounts  for  the  fewer  number  of  observations  on  Oberoti.  as  the 
seeing  would  not  continue  good  enough  to  observe  the  satellites  for 
any  length  of  time.  Oberon  was  not  quite  so  difficult  to  see  as 
Titania.  The  seeing  was  good  on  Apr.  29,  and  June  30  ;  fair  on 
June  21,  and  July  19  ;    and  poor  for  all  other  measures. 


MISSING   STAR   DM.  +19° 2773, 

By  ZACCHEUS  DANIEL. 


On  1900  April  3,  while  looking  for  T  Bootis  with  the 
10-inch  telescope  at  the  Bucknell  Observatory,  I  found  that 
DM.  +19°2773  [(1855)  U'' 7-"  o3M  ,  +19°48'.8  ;  9".5], 
was  missing  from  the  assigned  place.  The  region  was  ex- 
amined on  1900  April  3,  June  23,  July  21,  23,  27,  Aug.  1, 
22,  31,  Oct.  17;  1901  July  10,  Sept.  5  ;  1902  May  5,  Aug. 
25 ;  1903  May  15,  21,  June  13,  21.  No  star  brighter  than 
12"  was  seen  at  or  near  the  place.  A  very  faint  star,  how- 
ever, was  seen  not  far  off,  probably  a  little  south  following. 

At  my  request  Prof.  Edward  C.  Fickeking  has  had  some 
of  the  Harvard  photographs  of  this  region  examined.  With 
his  kind  permission,  I  quote  his  report  in  full  as  follows : 


"An  examination  has  been  made  of  plates  taken  on  May 
23,  1891  ;  March  7,  1894  :  May  10,  1895  ;  June  4,  1896  : 
June  22,  1897,  February  12,  1898;  May  26,  1899:  March 
16,  1900,  and  March  31,  1903,  all  of  which  contain  the 
region  of  +19°.2773.  No  star  appears  on  them  in,  or  near, 
the  position  given  for  this  object.  It  is  probable,  therefore, 
that  if  it  exists  it  was  fainter  than  11"  on  all  of  these 
dates." 

On  each  of  the  seventeen  dates  given  above,  I  also 
looked  for  5097  T  Bootis,  but  no  star  was  ever  seen  in  its 
place. 

The  Observatory,  Princeton,  New  Jersey,  1903  July  11. 


Prof.  E. 
magnitude." 


VARIABILITY   IN   THE   BRIGHTNESS   OF   IRIS, 

C.  Pickering  telegraphs,  Jan.  26  :     "  Wendell  finds  Iris  variable.     Six  hours. 
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THE    THEOREMS    OF    LAGRANGE   AND    POIS.^OX    OX    THE    INVARIABHJTY 

OF    THE    GREATER    AXES    IN    AN  ORDINARY'   PLANETARY   SYSTEM, 

liT  G.  w.  niix. 

The  remarks  of  this  article  follow  a  line  very  similar  to  Here  it  must  be  understood  that  5  can  receive  the  value  0, 

that  of  the  article  in  Xo.  527  of  this  Journal,  and,  to  avoid  jju^  p  „ot      j^jgo  j^  ^joes  not  mean  that  the  order  of  the 

the  tedium  of  restating  the  explanation  of  the  fundamental  coefficient  is  1.'  in  every  case,  but  only  that  it   is  never  less 

notation   employed,  I    take    the    liberty  of  referring   the  than  2. 

reader  to  that  place.     However,  we  cannot  here  use  the  Lg^  us  now  assume   a  pure   function  of  the  variables 
three  theorems  there  stated,  as  it  is  proposed  to  take  ac-  jr,     L„,    .    .    .  ,  L,,  which  we  may  write 
count  of  terms  of  three  dimensions  with  respect  to  plane- 
tary masses.     But  we  employ  the  notion  there  expounded  ./<^i>     2j    •    ■    •  i    '.' 

of  hypothetical  planets,  arranging  the  planets  in  such  an  or  of  the  variables    «, ,  "„ <»,,    to  be  written 

order  that  the  one  for  which   i  —  \   is  that  whose  greater 

axis  we  especially  wish  to  consider;  the  first  actual  planet  /("i-«'r    •    •    ••«.)■ 

and   its   hypothetical  are   then   identical.     We  adopt  the  yjg  jq  ^e  finite,  continuous,  and  of  the  zero  order  with 

distinction  there  defined  between  terms  periodic  and  terms  respect  to  planetary  masses. 

secular.  We  now  propose  to  apply  the  principle  of  the  Delaitxat 

Let  there  be  i-  planets  in  the  system.  The  canonical  transformation  to  the  establishment  of  the  theorems  with 
elements  /-,.  (•,.  H,,  /,,  r/,,  h,  and  the  function  F  have  the  which  we  are  engaged.  Dei.aunay  makes  his  transform- 
significations  of  the  mentioned  article,  and  the  differential  ations  in  the  three  polar  coordinates  of  the  moon ;  we  have 
equations  to  be  satisfied  are  the  same.  Let  P  denote  the  ^q  make  ours  in  the  one  function  /(Z,.  Z,., . . .  . ,  L,).  From 
general  periodic  argument,  and  5  the  general  secular  argu-  jjje  infinite  number  of  periodic  arguments  F  we  select  one 
raent.  Let /v' denote  the  general  (that  is,  without  any  hint  fl.  in  which  the  positive  or  negative  integers  multiplying 
of  individuality),  coefficient  usually  multiplying  the  cosine  tijg  angular  variables  are  prime  to  each  other,  and  take 
or  sine  of  any  argument.  We  write  above  each  K  the  ^^e  p^rt  of  F,  which  may  be  regarded  as  dependent  on  the 
number  indicating  its  order  of  magnitude  with  respect  to  sole  argument  ^.  We  call  this  [F].  and  write,  similarly 
planetary  masses;  thus  A' signifies  a  coefficient  factored  in  to  Dei-acxay, 

tiie  lowest  dimension  by  squares  and  products  of  planetary  r/-'l  =   —/>  —  -■(    vosO  —  .t.,  cos'2d  —  .l.  cos.16  — 

masses.     K.  in  general,  is  a  function  of  all  the  linear  ele-  5 

ments.     ^"  will  be  used  to  indicate  a  sum  of  terms  in  nam-  -  />'  is  tbe  absolute  terra  of  /•'.  so  that  if  A,  denou-.-  the 

her  either  finite  or  infinite.  coefficient  of  the  second  part  of  /'  when  5  =  0.  we  have 

The  first  term  of  _  i.  _    i.'-  j.  i^- 

„             ^  '",  Let  us  now  make  the  Dklai'Nav  transtormation  ueces- 
/•  or  III     > 

■^  -".  sary  to  remove  from  /•'  the  terms  factored  by  cos  6,  cos  2^, 

cos.SS.    .    .    .       The  formulas  for  this  purpo.^e  are.  if  L 

is  of  the  dimension   1  with  resjiect  to  planetary  masses  ;  denotes  anv  linear  variable. 

we  denote  it  by  F.     Developing  Fin  a  periodic  series,  we  i:ie,,iace  L  by  Z  +  .l/„+ .1/,  cos  tf+.l/.cos  2e+.l/5  cos  ofl  +  . .  . 

can  write  it  as  the  sum  of  three  terras,  as  follows:  .                                                 . 

and,  it  /  denotes  anv  angular  variable, 

,              ..                         -  ■  1      "            1                     1 

/••  =  /••  -I-  ^    A'  cos  ^'  +  2.  .  K  cos  /'  Replace  /  bv  /  +  -V,  sin  8  +  X  sin  2^  +  -V.  sin  3$  + .  . . 
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wlieru  the  M  and  N  are  functions  of  tlie  new  set  of  linear 
varial)les.  By  the  addition  of  M^  to  the  first  formula  we 
secure  the  advantage  tliat  the  new  linear  variables  are 
the  conjugates  of  the  new  angular  variables.  J/„  is  neces- 
sarily two  orders  higher  with  respect  to  planetary  masses 
than  the  term  which  precedes  it.  The  fact  of  the  rest  of 
the  M  and  ^V  being  of  the  orders  indicated  above  them  is 
due  to  the  circumstance  that  the  motion  of  the  argument  6 
is  of  the  zero  order. 

We  have  now  to  inquire  what  changes,  if  any,  are  pro- 
duced iiKthe  qualities  of  the  coefficients  of  the  three  terms 
of  F  by  this  transformation.  It  is  evident  that  [/'']  is  reduced 
by  it  to  a  function  of  the  linear  variables  only.  Hence,  when 
the  substitution  is  made  in  the  term  F,  the  new  terms,  which 
arise  and  are  of  the  second  order,  precisely  cancel  the  old 
terms  —  .li  cos  6  —  A„  cos  26  —  .... ,  and  the  remainder 
are  of  the  form 

1  .KaosS+  Z.  k  cos  P 

Moreover,  when  the  substitution  is  made  in  the  second  and 
third  terms  of  F,  the  new  terms  arising  are  also  of  the 
same  form.     Hence  the  new  form  of  i''can  be  written 

F  ^  /"  +  2'.  A'  cos  S  +  2" .  A'  cos F 
1 
where   F  has   precisely   the    same   expression  as    before. 

Hence  the  quality  of  F  is  unchanged  by  the  execution  of 

the  transformation.     We  need  only  bear  in  mind  that  the 

coefficients  of  cos  6,  cos  'Id,  .  .  .  .  ,    are  now  not  of  the  form 

2  3 

K,  but  of  the  form  K. 

We  may  suppose  a  second  Delauxav  transformation  to 
be  made  with  the  object  of  removing  the  terms  of  F  hav- 
ing as  periodic  arguments  the  multiples  of  another  B  of 
the  same  quality  as  before.  The  result  will  be  that  after 
the  transformation  F  will  have  the  same  quality  as  before. 
Thus  it  is  possible  to  conceive  that  an  infinity  of  Delaunay 
transformations  may  be  made  in  such  a  way  that  the  third 
term  of  /'''  wholly  disappears,  and  F'  takes  the  form 

F  =  F  +  2:.kcosS 

Let  us  next  inquire  what  hapjjens  when  these  transform- 
ations are  made  in  the  expression. 

/(/.,,  A. ,.  •■■-,  L.) 
It  is  quite  plain  that,  after  the  first  transformation  depend- 
ing on  the  periodic  argument  6,  we  shall  have  the  equation 

f{L„L,,  ....,  L,)  =f{L,,L.„  ....  ,  iO 

where  it  must  be  understood  that  the  L  appearing  under 

the  functional  sign  /  in  the  left  member  have  their  original 

signification,  but,  in  the  right  member,  their  signification 

as   modified  by  the   transformation.      That   the   periodic 

I 
portion  should  have  coefficients  of  the  form  K  is  so  obvious 


that  it  needs  no  formal  demonstration  ;  but  that  the  secu- 
lar portion  has  coefficients  of  the  form  K  results  from  the 
fact  that  its  terms  can  arise  only  from  the  multiplication 
of  two  periodic  terms  KcosF  and  A' cos  P',  where  P+P' 
or  P—P'  is  an  ^'. 

Now  make  the  second  Delaunay  transforiuation  ;  it  is 
obvious  that  we  have  still  the  same  equation 

/(Z,,,  L.„  :...,  A)  =  f{L„  L„  .  .  .^.  ,  L,) 

+  2".  Xcos  S  +  2: .  K  cos  P 

where  it  is  necessary  to  note  only  that  the  L  appearing  in 
the  second  member  have  the  signification  as  twice  modified. 
Next,  suppose  that  the  infinite  number  of  Delaunay  trans- 
formations conceived  to  be  made  for  the  purpose  of  remov- 
ing all  periodic  terms  from  the  periodic  development  of  /', 
have  also  been  made  here.  The  result  will  still  be  the 
equation 

f{L„L„  ....,  A)  =f(L,.L„,  .....  7.0 

i;  1 

+  S.  A" COS  5+  1.  A' cos  /-" 

where  the  L  in  the  second  member  have  the  signification  as 
last  modified. 

Consider  now  the  variability  of  this  last  group  of  the  L. 
Since  the  angular  variables  l^,  h,  .  .  .  . ,  I,  conjugate  to 
them  have  altogether  disappeared  from  the  last  modified 
expression  for  F,  we  have  generally 

^'  =  f^  =  0 
dt         dli 

Consequently  the  last  group  of  the  modified  L  forms  a 
series  of  constants.  Thus,  if  we  please,  we  may  write  the 
foregoing  equation 

•2  1 

f(L,,  L.,,  ....  Ly)  =  a  constant  +X.flrcos  S  +  X  AT  cos  P 

But,  for  our  purpose,  it  is  necessary  that  the  right  mem- 
ber of  this  should  appear  as  an  explicit  function  of  the 
time.  Hence  a  new  class  of  Delaunay  transformations 
must  be  made,  having  for  object  the  removal  from  of  all 
the  terms  (the  absolute  excepted)  constituting  the  second 
portion  .1 .  K  cos  S.  These  transformations  would  then 
turn  upon  the  secular  arguments  of  the  group  S,  and,  after 
the  requisite  infinity  of  them  had  been  performed,  /'would 
be  reduced  to  the  absolute  term  which  is  a  function  of  the 
linear  variables ;  thus 

F^  F+  K\ 

All  the  linear  variables  are  now  constant,  for,  in  addition 
to  what  has  been  stated  in  reference  to  the  L,  we  have 
generally 

dt  dfj. 

Suppose  that  all  these  transformations  are  made  in  the 
1 
term    ^ .  K cos  P    of  /(i, ,  L„,  .  .  .  .  ,  L,).     It  is  evident. 


dH, 

~dt 


9A, 
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from  the  general  principles  underlying  the  representation 
of  the  integrals  of  our  differential  equations  by  Lindstedt's 
series,  that  this  term  will  undergo  a  change  expressed  by 
the  apparently  tautological  equation 

^'.ircosP  =  ^.kcos  r 

1 
iu  the  second  member  of  which,  however,  K  is  absolutelj' 

constant,  and  P  is  a  linear  function  of  the  time  expressed 

by  ^0  ('+'■);  where  6^a,ndc  are  constants,  the  first  being 

of  the  zero  order  with  respect  to  planetary  masses.     Thus, 

throughout  this  second  class  of  transformations,  no  terms 

1  e_ 

cross  over  from  the  portion  ^.A'cos  P  to  the  portion  ^".A'cos  S. 

Then,  if  we  are  concerned  only  about  the  secular  inequali- 
ties of  f{Li,  L.,.  .....  L,').  we  can  omit  its  last  term  and 

write 

/'(/>, .  Z<o,  .  .  .  . ,  A)  =  a  constant  +2.' .  A' cos  .S 

in  which  it  is  understood  that  —.Kc-osS  has  not  under- 
gone any  of  the  latter  class  of  transformations. 

At  this  stage  we  give  up  the  process  of  approximating 
to  the  integrals  of  our  differential  equations  through  Dk- 
LAUNAY  transformations,  and  adopt  the  process  of  elabo- 
rating them  in  positive  integral  powers  of  the  time,  making 
use  of  the  generalized  theorem  of  Maclaurix.  The 
equations  in  terms  of  the  variables  last  used  in  the  earlier 
class  of  transformations  have  expressions  of  which  the 
type  is 

dG,  _        aF 

dt  3(7, 

dj^  _    _^F 

dt    ~    ~  9G, 
where   /•'  has  the  expression 

F  r=  F+  Z .kcoiS 
The  integrals  in  series  of  powers  of  the  time  are 
(h  =  k+Kt-\-kt-+ //,  =  A:+17  +  A7=+ 

.7,  =  k+  kt+ Kt-+ . ...     ,      /(,  =  k-\-Kt+kt--\- — 

the  K  being  all  constant  and  of  the  order  with  respect  to 
l)lanetary  masses  indicated  above  them.  If  we  substitute 
tliese   values   in  the   portion   1 .  K cos  S   of   the  function 


dH. 

OF 

~dt    ~ 

dhi 

dh, 

dF 

~dt    ~ 

~3Th 

f{Ln,  L.,,  .  .  .  . ,  Z,,)  there  arises  a  constant  term,  equiva- 
lent to  the  value  of  ^ .  A' cos  5  at  the  origin  of  time,  which 
coalesces  with  the  preceding  constant.  This  is  followed 
by  terms  involving  t,  t-,  t',  etc.  Then  it  is  almost  im- 
mediately apparent  that 

/(L,,  /-„,....,  Z,0  =  A'+ A>  +  A7-  +  A7»  +  .  .  .  . 
It  is  evident  that  this  relation  may  also  be  written 
/(a,,  a„,  .  .  .  .  ,  aj  =  A'+ A7+ A'i5-+ A7»-f .  .  .  . 

We  may  therefore  state  the  theorem  of  Poissox  in  a 
more  general  form  than  has  been  customary,  as  follows  : 

The  secular  variation  of  any  finite  and  continuous  function 
of  the  zero  order  with  respect  to  planetary  masses  of  the  in- 
stantaneous  greater  axes  of  the  orbits  described  by  the 
hypothetical  planets  of  a  planetary  system,  when  developed 
in  powers  of  the  time,  w,  at  least,  of  three  dimensions  in 
refere7ice  to  the  same  masses. 

The  qualification  "  at  least "  is  necessary,  for  the  function 

/may  be  such  that  all  terms  of  the  third  order  in  the  co- 

s  * 

efficientof  ^identically  vanish,  and  then  A'mustbe  written  A". 

In  the  second  place,  since  the  function /' probably  has  an 
infinite  number  of  maxima  and  minima,  if  it  so  happen 
that  the  origin  whence  t  is  counted  coincides  with  one  of 
these,  the  coefficient  of  t  must  vanish,  not  identically,  but 
on  account  of  the  special  values  received  by  the  parameters 
at  that  epoch. 

It  will  be  perceived  that  the  method  here  followed  for 
the  demonstration  of  the  theorem  has  marked  advantages 
over  those  emploj'ed  heretofore.  The  truth  of  the  theorem 
is  now  so  obvious  that  a  formal  proof  seems  scarcely  neces- 
sary. The  Delauxay  transformation  is  to  be  credited  for 
this  advance.  An  objection  may  be  raised  against  the 
method  that  it  is  valid  only  in  the  case  where  F  never 
potentially  becomes  infinite.*  Rut,  in  the  opposite  case, 
there  seems  no  valid  distinction  between  secular  and 
periodic  inequalities,  and  Lixdstedt'.s  series  ought  to  be  re- 
jected as  being  a  possible  mode  of  expressing  the  coordinates. 

•See  Transnctiona  of  the  American  itathrmaticul  Societi/.  Vol.  I. 
p.  210. 


NOTES   ON    VARIABLE   STAKS.— No 

Uv  UEXKY  M-  P.VRKnURST. 
4315  li  Comae  Her.     Reducing  the  weight  of  the  maxima 
as  given  in  A../.  487  and  513,  in  consequence  of  the  es- 


39. 


pecially  unfavorable  conditions  of  the  observations,  the 
following  elements  well  represent  the  original  maximum 
in  1831  and  my  maxima  obtained  from  1894  to  ]'.)03. 

2389865.5  +  361.6  E  +15(10°E  +80°) 
The  interference  of  the  twilight  has  become  less  intrusive, 
yet  at  the  observation  of  Aug.  1,  /'could  not  be  seen  when 
it  sank  behind  the  new  building. 


~tM5  RT  Liltrac.  Notwithstanding  the  long  interval  of 
63  days  previous  to  the  maximum,  during  which  1  was 
prevented  by  the  cloudy  sky  from  recognizing  the  variable, 
and  the  additional  interval  of  L'5  days  in  which  I  have 
only  the  observations  made  by  Mr.  Perry.  I  have  obtained 
the  following  elements,  which  satisfy  all  my  observations, 
of  7  different  years: 


IM  1  371)6  +  L' 


E 


30 
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Results 

OF  Obsekvatioxs. 

Observed  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 

Corr. 

W. 

Mag. 

Factors 

Ki-iiiiirks 

2735 

U  Can  is  111171. 

Min. 

6195 

Mar.  21 

21 

_ 

E 

_ 

a 

Wave  near  min.  A.J.  470. 

2780 

T  Geminorum 

Max. 

6199 

Mar.  25 

69 

-49 

3 

8.8 

_        _       _ 

Little  change  near  max. 

3493 

R  Leo  Ills 

Min. 

6199 

Mar.  25 

171 

-52 

9 

10.2 

_        _       _ 

3567 

V  Leonis 

IMax. 

6177 

Mar.     3 

28 

-24 

5 

9.27 

..        _       _ 

4315 

li  Comae  Here. 

Max. 

6317.2 

July  21 

73 

-0.9 

9 

8.90 

4.81  6.34     8 

Elements  above. 

4492 

Y  Virginis 

Max. 

6319 

July  23 

34 

- 

E 

10.0 

_        _       _ 

4573 

R  U  Virginis 

Max. 

6481 

Jan.     1 

6 

- 

E 

- 

_        _       _ 

4596 

U  Virginis 

Max. 

6233 

Apr.   28 

65 

- 

E 

- 

_        _       _ 

4665 

^T  Virginis 

Max. 

6268  : 

June    2 

- 

- 

1 

- 

- 

379''  approx.  perio<l. 

5249 

V  Librae 

Max. 

6246 

May  11 

30 

- 

E 

- 

Elements.     A.J.  444. 

5338 

U  lionti.f 

l\rax. 

6267 

June     1 

48 

- 

E 

- 

- 

Period  not  confirmed. 

5405 

RT  Librae 

Max. 

6320 

July  24 

10 

+  4 

9 

9.02 

2.50  4.04  33 

Revised  elements  above. 

5494 

S  Librae 

Max. 

6273 

June    7 

35 

+   5 

6 

- 

_        _       _ 

5501 

S  Serpentis 

Max. 

6343 

Aug.  16 

75 

+  68 

3 

8.1 

_        _       _ 

Corr.  regularly  increasing. 

5511 

BS  Librae 

Max. 

6281 

June  15 

27 

+  8 

2 

- 

_        _       _ 

Max.  following  first  obs. 

5677 

R  Serpentis 

Max. 

6352 

Aug.  25 

78 

+   7 

5 

- 

_        _       _ 

« 

5688 

R  Librae 

Max. 

6273 

June     7 

64 

-10 

3 

- 

-        -       - 

5704 

RR  Librae 

Max. 

6326 

July  30 

24 

-32 

6 

- 

.-        -       - 

5796a 

R  U  Ilerculis 

Max. 

6347 

Aug.  20 

_ 

- 

3 

_ 

_        _       _ 

4362+495  E  ? 

5887 

V  Ophiuchi 

Max. 

6257 

May   22 

85 

_ 

E 

- 

-        -       - 

Observations  indecisive. 

5931 

S  Ophiuchi 

Max. 

6345 

Aug.  18 

72 

+  17 

7 

- 

- 

Prob.  minor  max.  earlier. 

6044 

S  Ilerculis 

Min. 

6304 

July     8 

56 

-  4 

1 

12.7 

1.07   1.07  73 

From  two  observations  only. 

2735    U  Canis  min. 

(Cont.lrom  513.  Comp.Stars470) 
Julian     Calendar    Mag. 

1003 

Jan.  23  11.2 
Feb.  23  11.2 
Mar. 


6138 
6169 
6175 
6178 
(;19L' 


Indhidual  Observation 

Including  Observations  by  ARTHUR  C. 

3567    V  Leonis.        1        4492    Y  Virginis. 

(Cont.from441.  Oomp.Stars441)  (Cont.  tiom470.  Comp.Stars415) 


9.3 

10.0 

11.2] 


2780 


6138 
6169 
6172 
6175 
6178 
6192 
6203 
6217 
6229 
6237 


'T  Geminoriim 

(Continued  from  403.) 
lous 

Jan.  23 

Feb.  23 

20 


Julian     (,'alendar 

1903 

6171.6  Feb.  25 

6172.6    ,  26 

6177.6  Mar.  3 

6180.6  0 

6189.6  15 

6201.6  27 
6205.6 
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Mar. 

Apr. 
May 


0191 
0192 
6194 
6200 
0201 
0205 
6203 
6266 


3493  R  Leonis. 

Continueil  from  4S7.1 

10O3 

Mar.  17 
18 
20 
26 


31 

May  28 

31 


July 


4315  It  Comae  Ber. 

\  (Cont. from  613. Comp.Star84]B) 

i  190S 

16287.6  June  21    11.35 
{ 6292.6 
I  6293.0 
6297.0 
6298.6 
6300.6 
6302.6 
6303.6 
6304.6 
6305.6 
6306.6 
6311.0 
0312.6 
9.28^   6313.6 
10.12„   0315.0 
10.71„   6317.0 
9.762  0319.0  23 

10.17„  6320.6  24 

10.72",  6321.6  25 

9.5      6323.0  27 

9.5      0P2S.0  Auff.    1 


Julian     Calendar     Mag. 

0208.6  JunT  2    11.9] 
6311.6  July  15    10.0 

4573  RU  Virginis. 

I  (Continued  from  470.) 

1318 

9.5/,  6203.6  May  28   11.0 
10.55.,   (;^>G6.0  31    11.2 

0311.0  July  15    10.9 


Mag. 

9.7 

S.94„ 

9.52„ 

9.37., 

9.77 


Perbt. 

5338    U  Bootis. 

(Continued  from  487.) 
Julian    Calendar     Mag. 

1001 
5510., 


May    5 

19U3 

6263.6  Mav  28 
6260.6  "  31 
6268.6  June    2 


10.87 

11.2 
11.3 
11.2 


11.9 
8.6 
9.3 
8.8 
9.1 
8.8 
9.3 
8.8 
8.7 
9.8] 


4596    U  J'irgitiis. 

26     11.24  (Continued  nom4S7.. 

17    10.11  :|  6263.6  May "28      9.2 

1  10.25^  1 0206.6        '    31      9.2 

2  9.69,„i  6208.0  June    2     9.4 
4    10.17,ol6311.6  July  15    11] 

f)'(j-"'i      4665  R2'  Virgini.s. 

8  9.85!',',! 

9  9.79 
10     9.62;;j  6266.6  31 

15  9. 19,„  6268.6  June  .2 

16  8.92,(,  0297.0  July    1 

17  9.03,110311.6  15 
1 9  8.84 
21  S.8S,„ 

(Cont.from487.Conip.Stars38S> 


5405  RT  Librae. 

(Continued  from  513.) 

1903 

6256      May  21  to 
6311       July  15;] 

0  dates 
6311.6  July  15 


iContinued  from  513  ) 

1903 

I  6263.6  May  28     8.85 
8.8 
8.85 
8.7 
8.8 

5249    V  Librae. 


6315.0 
6320.6 
0336.6 
6337.6 
6341.5 
6342.5 


AUL 


19 
24 
9 
10 
14 
15 


8.8p 

9  Op 

S.Sp 

9.2: 

9.1 

9.11 

9.11 


8.89 
8.97. 
8.98 


6258  May  23  11.2 

6200  25  10.8 

8.92,,;  6268.6  June    2  11.2 

9.20]' 0311.0  July  15  12] 


5494   S  Librae. 

(Continued  from  513.) 

6263.6  May*28  9.4 

6266.6  31  9.2 

0268.6  June    2  9.0 

6269.6  3  8.94j 

j  6311.6  July  15  9.9 

1       5501   S  Serpentis. 

(Cont.fromolS.  Comp.Stars388) 

1901 

5553.0  June  17    11. Op 

1903 

6263.6  May  28    12 


5501  S  Serpentis.-Cont. 
Julian     Calendar     Mag. 

1903 

6342.6  Aug.  15     8.1 

6360.5  Sept.    2     8.1 

6364.6  6     8.O85 

6374.5  16     9.06 

5511   RS  Librae. 

(Cont.froni490.  Comp  Stars  88S) 

1901 

5553.6  June  17      9.2p 

1903 

6260.6  Mav  31  9.7 

6311.6  Jufv  15  10.9 

6311.6         '  15  10.71- 

'6315.6  19  10.7P 

6320.6  24  10.7P 

5677  R  Serpentis. 

(Cont. from 490.  Comp.Star6476' 

HOI 

5554.6  June  18     8.9p 

6263.6  Mar28   12 
6342.6  Aug.  15      7.9 

6360.5  Sept.  2   8.2 

6364.6  6  8.59,. 


5688  B  Librae. 

(Cont.from476.  Comp.Stars476) 

1901 

5511.6  i\Iay    6     9.7] 


5512.6 

5521.6  10 

1903 

6268.6  June  2 
6287.6  21 
6293.6     27 


10.9] 
11] 
9.8 
10.2 
10.0 
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5704    //A"  Librae. 

(Contlnuetl  from  513) 

Julian     Calendar       Mag. 


631 1.( 

C31;).() 

6320.G 

6344.5  All 

6348.5 

6350.5 


Julv  15 

i;» 


!».5p 
9.1  r 

.S.7p 
0.3 
>).10., 
0.07., 


Star 

17' 

W 

Y 

\Y 

Z 

\z 

■2Z 

d 


1582  S  I'd II r I 


DM. 

+  10=586 
+ 10°589 
+  10''5S4 


+  9VjS1 
+  9°5S8 
+  9°589 
+  9°o91 
6w4/>  V 
18;>  V 
Gsl'.f    2Z 


5796a  li  (/ Hervuiis. 

(Continued  from  513.) 
Julian     Calendar      Mag. 


5554.6  June  18  11.1  ]i 


Mag. 

8.18 

8.98 

9.13 

1028 

9.82 

9.88 

10.05 

10.59 

11.33 

1 1 .36 


6345  6  Aug.  1 8 

6347.5  20 

6348.5  21 

6350.5  23 

6360.5  Sept.  2 


13 
16 


19 

17 
13 


5887    V  Ophiurhi.      i  5887   i'  Op/i in.- Cont. 
(Cont.from  513.  Comp.Star84.')6)  I  Julian     Calendar       Mag. 
Julian     Calendar      Mag.    !  h347.(;   Aug.* 20    10.03 
5553.6  June  17      8.2p    6362.5  Sept.    4    10.0 
6269.6  June   3     9.67„         5931   S  Ophim-hi 

9.7         6313.6    July    17    10.;;i-' i  (ComlnueM^from  45C) 

8.94.,   6315.6  19  lO.lp  !  6313.0  July  17  9.9p 

9.85„   6320.6  24  9.6p  16315.6  "    19  IO.Op 

9.57„   6334.6  Aug.     7  10.40    6320.6  24  9.9p 

10.2     ;  6344.6  17  9.62„   6341.6  Aug.  14  10.26 

CoMPAKisox   Stars,  1893-1903. 


5931  S  Opli'iu.- 

-Cont. 

Julian     Calendar 
6342.6  Aug.  15 

Mag. 
9.89., 

6344.6             17 

9.52. 

6347.6             20 

9.95, 

6369.5  Sept.  1 1 

10.8 

6044  S  HtiuUs. 

(Cont.fromjlS  Comp  Star8388 

6269.6  June    3    10.8 

6342.6  Aug.  15 

10.6 

1941  S  Orionis. 

2100  r"  Or 

'onia. 

1 

'404   A'  (jeminoriini. 

Star 

DM. 

Mag. 

.  n 

Star 

DM. 

Mag. 

n 

Star 

DM. 

Mag. 

11 

F 

-4°1141 

7.65 

21 

0° 

+  20=1162 

4.80 

1 

// 

+  30=1332 

7.41 

11 

y 

-5°1274 

8.16 

3 

U" 

+  19°1126 

6.02 

10 

A' 

+29=1342 

7.59 

10 

\N 

-5°1277 

8.96 

1 

v 

+  19=1110 

6.03 

13 

F 

+  30=1306 

8.65 

14 

Q 

-4°1155 

8.72 

17 

E 

+  20=1156 

6.72 

37 

S 

+  30=1320 

9.50 

9 

u 

-5n273 

9.82 

2'> 

F 

+  19=1113 

8.24 

10 

T 

+30=1316 

9.20 

14 

ir 

-4°1147 

9.95 

28 

K 

+  20=1171 

8.25 

28 

?r 

+  30=1321 

9.76 

2 

jr 

-4°1144 

11.06 

1 

N 

+  19=1131 

8.72 

3 

y 

+  30=1309 

9.98 

8 

A' 

-4°114S 

10.20 

24 

F 

+  20=1168 

8.73 

37 

z 

+30=1330 

10.57 

3 

./ 

6/         W 

12.26 

3 

Q 

+  20=1178 

9.38 

9 

a 

5s  T 

9.96 

14 

k 

3s2p      X 

12.51 

2 

W 

+  20=1172 

1(1.26 

4 

d 

Sp    a 

11.20 

5 

OBSERVATIONS   OF   MINOR    I'LANETS, 

M.\I)E    wrrll    THK   2ti-I.V(II    EQlATOKl.\I,   .\  T   Til  K    f.  S.    NAVAl,    O  IJSF.IiV  ATOH  V, 

By  C.  W.  FREDEUICK. 
[Conmumii'ated  by  Rear-Adiniral  0.  AI.  Ciiesteie,  U.S.X.,  Superintendent.] 


idu:',  Wiisl 

ington  -M.T. 

* 

Conip. 

Ja 

jS 

App.  a 

App.  6 

log 

i'-i 

1  Red.  to 

App.  PI. 

(334)    Chlcarjo. 

ii 

Il           ill          s 

111          S 

'       If 

b       111        8 

p 

- 

g 

Jan.  22 

13  20  17 

1 

tl9  , 

4 

+  2  39.06 

+ 

0  51.4 

7     7  32.13 

+  19° 

58  17.7  i  9.441 

0.511 

+  2.03 

—  12.2 

25 

8  54  54 

2 

d  8, 

5 

-0  25.00 

+ 

1  28.5 

7     5  43.01 

+  20 

4     2.4  1/(9.366 

0.491 

+  2.05 

-12.3 

30 

11   53  30 

3 

f/10, 

10 

-0     4.28 

+ 

4     3.9 

7     2  37.24 

+  20 

14     6.5  1  9.261 

0.471 

+  2.05 

-12.1 

(402)   Chlo>: 

Feb.  21 

0  26     9 

4 

^28, 

6 

+  0  .■!2.00 

_ 

0  15.0     9  45     9.89 

+  20 

2  56.0  h9.434 

0.507 

+  2.09 

- 15.7 

22 

9  48  40 

5 

rflO, 

10 

-0   12.21 

0  47.9     9  44  19.92 
(381)   Mijrrha. 

+  20 

13     7.6   «9.346 

0.484 

+  2.11 

-15.6 

Oct.   2(1 

1  1      6  55 

6 

d  8 

8 

-0  29.44 

+ 

2  48.5 

2  51  35.49 

-    1 

54  47.2  «9.32S 

0.756 

+  3.69 

+  13.3 

21 

11    13   14 

" 

?29, 

6 

+  2     9.34 

+ 

2  39.4 

2  50  52.84 

-    1 

59  22.5   «9.138 

0.758 

+  3.71 

+  13.4 

27 

10  17  ;;7 

8 

^30 

6 

+  1   12.74 

- 

2  32.6 

2  46  36.81 

-    2 

24     4.1  7)9.384 

0.759 

+  3.77 

+  13.4 

(420)   lierfholdii. 

Oot.  21 

9  54  47 

9 

fSo, 

7 

-1  32.38 

+ 

1    14.6' 1   1   48     1.32 

+  17 

6     4.0 

;(9.364 

0.543 

+  4.15 

+  17.5 

22 

9  33  30 

10 

t30, 

6 

-1     4.88 

+ 

2  47.9     1  47   18.95 

+  17 

0  57.2 

/19.417 

0.554 

+  4.16 

+  17.6 

25 

9  24      7 

11 

t30, 

6 

-1  16.94 

— 

5  36.2     1   45  11.05 

+  16 

45     6.7 

/I9.403 

0.555 

+  4.17 

+  18.0 

26 

S    H    16 

12 

t30, 

6 

+  1   20.10 

+ 

7   18.6  t   1  44  29.75 

+  16 

39  53.0 

/1 9. 4  99 

0.579 

+  4.16 

+  18.4 

(371)   Ho  It  em  ill. 

Oct.  22 

10    1(1  55 

13 

C30 

6 

-2     3.01 

1     6.2     2  40  58.55 

+  26 

11  51.1  „9.::5l 

0.355 

+  4.19 

+  11.5 

26 

'.)  2  1    10 

14 

d  8 

8 

+0  34.48 

— 

9  15.6     2  37  27.94 

+  25 

56  18.5  1/19.548 

0.446 

+  4.53 

+  12.6 

L'S 

'.(      1    10 

^r^ 

tSO, 

6 

+-2  36.57 

- 

1   50.6     2  35  38.92 

+  25 

47  34.3  l«9  572 

0.-167 

+  4.54 

+  13.3 
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1903V\'asliin.!;lon  M.T. 

* 

Comp. 

Ja 

j8 

App.  a 

1          App.  8          1           \>j-A  /'-i           1  Hed.  to  App.  PI. 

(409)   Aspasia. 

Oct.  L'9     ;t  23  54 

16 

<29, 

C 

+  3  52.05 

-  8  14.0 

2  45  38.33 

+  22  25  13.8  |»9.530 

0.502     +4.44  +12.6 

Nov.    2     9     7  18 

17 

^29  , 

() 

-0  47.95 

+   6  26.0 

2  41  59.56 

+  21   55  38.7  «9.522 

0.507  '  +4.46  +12.8 

-.',     8  28  48 

17 

/30  , 

6 

-1   41.73 

-    1     2.4 

2  41     5.78 

+  21   48  10.3  ,?i9.582 

0.544     +4.46  +12.8 

(i     9  12  50 

18 

m, 

G 

-1   55.51 

+   6  41.2 

2  38  18.55 

+  21  24  25.4  In9.463 

0.493     +4.47  +13.2 

(5     9  51   50 

19 

m . 

6 

-1     4.45 

+  11  44.3     2  38   16.99 

+  21    21    12.C  '«9.340 

0.4.59  1  +4.47  +13.4 

■      (199)   /.'//W/.s. 

Nov.   (i   11   2:;  18 

20 

<27  . 

6 

-1     7.82 

-   5  23.7     2     9  42.32 

-   5  59  34.3 

8.461 

0.791 

+  3.77  +14.6 

8      9      1    42 

21 

<30, 

6 

+  (i  45.41 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 
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9 

1  49 

29.55 

+  17     4 

31.9 
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27.99 

-   6     5 

54.2 

Wien.A.G.Zones92,209 

The  star  places  from  the  Strassburg  Zones  were  furnished  througli  the  courtesy  of  the  Director  of  the  Observatory  at  that  place. 
The  second  observation  of  Chloe  is  by  W.  W.  Dinwiddie.      Planets  420,  371,  409,  and  109,  were  found  photographically  by  Mr. 
G.  H.  Peters,  and  402,  by  Mr.  W.  W.  UiNWioniE. 


OBSERVATIONS   OF  MINOR  PLANETS, 

MADE    WITH    rnE   2G-INCH    EQUATORIAL    AT   THE   U.S.  NAV.\L   OBSERVATORY, 

By  \V.  WALTER  DINWIDDIE.     [Communicated  by  Rear-Admiral  C.  M.  Chester,  U.S.N.,  Superintendent.] 
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Albany,  A.G.  241 

Wien,  A.G.  Zones  US'  ^ 
Wien,A.G.Z.199A.200;285 
Wien,  A.G.Z.  1 99.\,200,2g7 
Wien,  A.G.  Z.199a,200,286: 
Strassburg,  A. (J.  Zones 
Strassburg,  A.G.  Zones   i 
Fund.  Catalogue  1590      j 
I  Strassburg,  A.G.  Zones 
I  Strassburg,  A.G.  Zones 
Strassburg,  A.G.  Zones 
Stras.^burg,  A.G.  Zones 
Strassburg.  A.G.  Zones 
Albany.  A.G.  344 
Albany,  A.G. 339 
Albany,  A.G.  346 
Albany,  A.G.  303 
Albany,  A.G.  105 
Albany,  A.G.  116 
Albany,  A.G.  75 
Nicolajew,  A.(i.  57 


The  star  places  from  the  Strassburg  and  Cambridge  (U.S.)  Zones 
were  furnished  through  the  courtesy  of  tlie  Directors  of  tlie  observ- 
atories at  those  places. 

Planets  -2:MS.  33-".,  333,  332,  1()3.  73.  343,  .301  ami  449,  were  found 
photographically  by  Mr.  G.  H.  Peters,  362  by  my.self.  The  photo- 
graphic plates  were  often  made  use  of  afterwards  for  finding  the 
asteroid.s  quickly  in  the  field  of  the  2()-inch  equatorial. 


*This  asteroid  was  found  on  a  plate  exposed  by  Mr.  Peters  on 
Sept.  28.     The  following  circular  elements  were  computed  from  the 
first  observation  of  .Sept.  29,  and  the  observation  of  .Sept.  ;!0. 
Epoch  Sept.  30..-..    w  =  203°  4'  35",     Q,  =  160°  .i8'  9", 

i  =  4°51'20",         /J  =  10.50.72,    log  a  =0.-352 183 

The  magnitude  was  estimated,  Sept.  29  (11.7  ;,  Sept.  30  (1 1.8).  It 
was  clear  on  Oct.  2  for  only  a  short  time,  and  then  cloudy  until  Oct. 
13,  when  the  object  could  not  be  fouml  again. 
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theory  of  the   mutual   pertukbatio^s   of  im.anets  moving  at 

itif  same  mean  distance  prom  the  sun,  and  its  bearing 

on  the  constiturion  of  satubx-s  rincis  and  the 

cos:mogony  of  laplace, 

By  .JOHN"    X.    STOCK  WELL. 


The  theories  of  the  mutual  perturbations  of  the  planets 
of  the  solar  system  have  been  undergoing  the  process  of 
development  during  a  period  of  more  than  two  hundred 
years ;  and  they  are  now  so  nearly  perfect  that  the  places 
of  the  planets  in  the  heavens  can  be  very  accurately  pre- 
dicted for  any  past  or  future  date.  The  amount  of  labor 
required  for  the  development  of  a  planetary  theory  depends 
very  much  on  the  eccentricitj-  and  inclination  of  its  orbit; 
but  it  also  depends  to  a  much  greater  extent  on  the  ratio 
of  its  mean  distance  from  the  sun  to  that  of  the  disturbing 
planet.  For  the  planets  of  the  solar  sj^stem  this  ratio  of 
mean  distances  varies  between  0.0128887-t  in  the  case  of 
Merrurij  and  Neptune,  and  0.7233323  in  the  case  of  Vtmiis 
and  the  Earth  ;  but  in  the  system  of  Saturn's  satellites 
this  ratio  rises  to  0.8258  in  the  case  of  Titan  and  Hyperion. 
For  theoretical  reasons,  however,  it  is  important  to  investi- 
gate the  nature  of  the  perturbations  which  would  take 
place  between  two  planets  moving  at  the  same  mean  dis- 
tance from  the  sun ;  and  this  is  what  I  i)roiio,*e  to  do  in 
the  present  article. 

The  great  difficulty  which  presents  itself  in  the  solution 
of  this  problem  arises  from  the  circumstance  that  no  simple 
relation  between  the  distances  of  two  planets  from  each 
other  has  hitherto  been  discovered  by  means  of  which  this 
distance  can  be  determined  directly  in  functions  of  the 
time  as  the  independent  variable.  It  is  easy  to  express 
this  distance  analytically  ;  and  if  we  suppose  that  a  and  a' 
denote  the  mean  distances  of  the  disturbed  and  disturbing 
planets  from  the  sun,  respectively,  the  s(|uare  of  the  dis- 
tance between  them  will  be  expressed  by  the  equation. 


(1) 


A-  =  a-  +  a'-  —  2na'  COS  |8 


of  the  two  planets,  and  is  therefore  a  function  of  the  time 
t.     If  we  put    «4-(('  =  a,    equation  (1)  will  give 

A-  =  rr'-;i4-«--2.«cos/3(  (2) 

In  the  planetary  theories  the  quantity  1  4-  A'  is  required, 
and  it  must  be  computed  from  the  equation 


the  orbits  being  supposed  circular  and  in  the  same  plane : 
while  /3  denotes  the  difference  of  the  heliocentric  longitudes 


=  „'.!'- 


2«cos  /3  I      = 


(3) 


Now  if  we  assume  that 

«s  =  ^  M'"+M"  cos  /3+6i='  cos  2|3+il"  cos  3/3+&C.     (4) 

the  coefficients  b\p  will  be  functions  of  «,  and  are  called 
the  L.\PLACE  coefficients  of  the  perturbative  function. 

In  order  to  show  the  different  degrees  of  convergency  of 
the  series  (4)  for  the  different  planets  of  the  solar  system, 
I  here  give  a  few  examples  by  way  of  illustration. 

In  the  case  of  Mercunj  disturbed  by  Xeptune  we  have 
u  =  0.01288874  ;     and  we  get 

^  =  1.000374 +  0.0386783  cos  (8 

•^  -t- 0.0006231  cos2/i  +  0.00000937  cos  3/3: 

in  which  three  variable  terms  of  the  series  are  sufficient  to 
give  the  value  of  the  function  correct  to  six  decimal  places. 
In  the  case  of  Mercunj  disturbed    by    Venus  we    have 
«  =  0..W51604;     and  we  get 


A' 


=  2.107072  + 


.">. 035438  cos  /3 
+  1.9504'.n  cos2/J  +  1.192288  cos  3/J  +  &c. 


and  it  would  be  necessary  to  extend  the  series  to  the  term 
cos23/i  in  order  to  get  the  value  correct  to  only  five  deci- 
mals. 

In  the  case  of  Venus  disturbed  by  the  Earth   we  have 
(c  =  0.7233323,     which   is  the  largest  value  of  n  among 

(35) 


3() 
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the  principal  planets  of  the  solar  system.     Tliis  value  of  « 
gives 

"3  =   LuyCLT..-.  +  S.871660COS/3 

■^  +  7.38676  cos  2j3  +  ."..i)u41 7  cos  ofi  +  &c. 

Lastly,  for  the  satellites  Titan  and  Hyperion  of  the 
Sdtiirniini  .system  we  have  «  =  0.82578534;  and  thi.s 
gives 

a" 

—  =  U.CnsiO  +  22.16477  cos /i+ 20.3394  C0S2/3 

■^  +18.2!);!7cos3/8+  16.2366  cos  4;8  +  14.2738  cos  5/3 

+  12.4577  COS  6j8  +  10.81 10  cos  7j8  +  .^-i-. 

These  illustrations  are  sufficient  to  show  that  this 
method  of  development  may  be  very  easily  applied  to  all 
cases  of  planetary  perturbation  in  which  a  is  rather  small : 
but  when  a  equals  or  exceeds  0.75  the  labor  required  for 
its  application  becomes  very  great.  This  is  evident  from 
the  last  two  series  given  above,  which  converge  with  ex- 
treme slowness  ;  thus  showing  that  a  very  great  number  of 
terms  must  be  computed  in  order  that  a  very  moderate 
degree  of  approximation  may  be  obtained. 

But  when  a  becomes  equal  to  unity,  which  is  the  case 
when  the  two  planets  are  moving  at  the  same  mean  dis- 
tance from  the  sun,  this  method  of  development  fails  com- 
pletely ;  for  all  the  coefficients  //,"',  li','\  &c.,  become 
infinite  and  equal  to  each  other;  and  mathematicians  can- 
not make  use  of  numbers  which  are  infinitely  great,  in 
their  investigations. 

It  is  fortunate,  however,  that  analysis  is  able  to  furnish 
a  solution  of  our  problem  by  a  method  of  development 
which  is  wholly  free  from  the  use  of  infinite  series,  and  at 
the  same  time  rigorously  exact. 

We  shall  now  attend  to  this  new  development,  and  for 
this  purpose  shall  resume  the  consideration  of  equation  (3). 
If  we  put  rt  =  1  in  equation  (3)  it  will  reduce  to  the 
foUowintr : 


0"') 


TT   ^  )2(l-cos/3|-'  =  .,     .    3j-  =  »' 


Equation  (5)  is  entirely  rigorous,  and  is  also  wholly 
free  from  infinite  quantities  except  for  the  particular  case 
in  which  ^  =  0  ;  and  in  that  case,  in  circular  orbits  the 
two  bodies  would  unite  and  form  a  single  body. 

If  we  now  denote  the  mass  of  the  disturbing  planet  by 
ni',  and  the  potential  function  by  B,  the  forces  acting  on 
t)ie  disturbed  planet  in  the  direction  of,  and  perpendicular 
to,  the  radius-vector  of  the  disturbed  planet  will  be  given 
by  the  equations 

(«)      """ 


d>- 


=  —J  cos  fi  -h  — --  u^ ^,  u^  cos  /? 


(7)      1:^1  - 


m'd,       ma     „    . 
— ^v-  H ^  M    Sin  I 


And  if  we  substitute  in  these  the  above  value  of  "'  they 
will  become 


cos/3-1- 


1 

4sin*;3 


(dli\         m'  4 
1^)  ^  ■^'   I 


1  {  sin  li 


(8) 


m 


Ssin^yS       "  \ 

These  values  are  evidently  constant  in  the  case  of  two 
planets  moving  at  the  same  mean  distance  from  the  sun. 

Now  the  perturbation  of  the  radius-vector  is  given  by 
the  differential  efjuation 

dBr 

7u 


dr  cos  ir  I  —J—  1  } 


a'  COS  V  f  - 

M  (  ■' 

—  ir  -      sin  r  fdr  sin  r  I  -,-     ; 
^  I  ■'  \drj  \ 

-\-  'III-  -  \  COS  V  fdr  sin  n  --^]  ( 


(10) 


dli 


\( 


—  2f/,--  ^  sin  V  fdr  c„„  V  ,    ,       , 
M  \  ^  \<l«  J  S 

in  which   r  denotes  the  longitude  of  the  disturbed  planet. 

Performing  the  operations  indicated  on  the  terms  multi- 

,.    ,  ,       (dR\     , 
plied  by  (  -^  1  they  become 


'-  -.  sm  V  COS  (• 


Sin  )•  COS  ;•  ^  f^— J  =  0  (11) 

and  therefore  terms  depending  on  ( -;- )  produce  no  per- 
turbation of  the  radius-vector. 

If  we  in  like  manner  perform  the  operations  indicated 

[dR\ 
on  the  terms  multiplied  by  [——    they  become 


dv , 


—  2(1-  -  -.  sin-y  +  cos-7- 
/A  ( 

and  equation  (10)  becomes 


!^=-2a^'^f^)=.2 
dt  ix\dr  J 

since     a  =  «'. 

Equation  (13)  gives  by  integration 

f-  1 


>  \dr  J 

--:;d?)'-> 

—   n  -\\- 

(13) 
-SsinH^}^"'^ 

nt 


sin/3 


(14) 


/i,        1  8  sin'1/3  ) 

an  equation  which  gives  the  perturbation  of  the  radiu.s- 
vector  in  terms  of  the  time  t.  We  shall  now  discuss  this 
equation. 

Since  fi  denotes  the  angular  distance  between  the  two 
planets,  at  the  sun's  center,  we  shall  evidently  have  8c  =  0, 
when  /3  =  180°;  whence  it  follows  that  there  would  be  no 
perturbation  of  the  radius-vector  when  the  two  bodies  were 
situated  at  the  opposite  extremities  of  a  diameter  of  the 
orbit.     If  p  is  less  than  180°  and  greater  than  60°  the  co- 
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efficient  of  t  is  ])ositive,  and  the  radius-vector  would  in- 
crease witli  time. 

If  «  =  60°  the  factor     1 ^ — .    „  ,    ^  =  0  :      and  coiise- 

'  8sm*i-y8 

quently  there  would  be  no  perturbation  of  the  radius- 
vector  when  the  two  planets  formed  an  equilateral  triangle 
with  the  sun.  When  /3  is  less  than  G0°  the  coefficient  of  f 
becomes  negative,  and  the  radius-vec-tor  would  diminish 
with  the  time. 

\   ,  1         ) 


The  function 


sin/3 


IS    a    maximum 


(  8  sin'  ^  /3  \ 

and  equal  to  0.72Gr)688  when  ;8  =  108°  21'  30" ;  whence 
it  follows  that  the  radius-vector  increases  most  rapidly 
when    /?  =  108°  21'  30". 

We  shall  now  consider  the  j)erturbations  of  the  motion 
in  longitude.     Tlie  direct  action  on  the  longitude  is  given 
bj'  the  equation 
(15) 


(It 


1       /' ,'dR 
~  '7^  J   \dJ 


</t  = 


■  ,rf  ■*  1 


1 


sin/3 


8sin''^/3^ 

and  the  hidirert  action  through  the  radius-vector  is  deter- 
mined by  the  following  equation  : 


(16) 


dt  a 


1- 


1 


^        K         8sinHi3> 
Equations  (15)  and  (16)  give  by  integration 

(17)  \i-  =  i  —  n't-  \  1  -  ^    .   3.  ^  I  sin  (i 

°  /i  (  8  sin'  i  /3  ) 


sin  (i 


(18, 


8,1-  = 


-  n-t-  •,  1 
/x  ( 


sin  /3 


8sinH/8) 

and  the  sum  of  these  two  equations  gives  the  whole  pertur- 
bation in  longitude.     Therefore  we  get 

1  > 


19) 


8c  =  - 


sin  li 


-   IX  i         8sinH(8  S 

Equations  (5)-(19)  are  entirely  rigorous,  and  we  shall 
now  proceed  to  discuss  them. 

We  first  observe,  however,  that  the  angle  /3  denotes  the 
longitude  of  the  disturbed  planet  diminished  by  that  of  the 
disturbing  planet;  or  in  .symbols,  if  nt  and  n't  denote  the 
mean  longitudes  of  the  disturbed  and  disturbing  planets, 
we  shall  always  have  fi  =  nt  —  n't.  This  explanation  is 
important ;  for  without  it  we  should  be  unable  to'determine 
in  what  direction  the  perturbation  took  place. 

We  have  already  ob.served  that  the  coefficient  of  t  in  the 
value  of  8r,  is  positive  when  (i  is  greater  than  60°,  and  less 
than  180°.  It  therefore  follows  that  the  coefficient  of  t" 
in  the  value  of  8c  is  negative  for  these  same  values  of  fi, 
and  consequently  the  value  of  8c  would  be  negative,  and 
the  planet  would  recede  more  and  more  from  the  i)oint  of 
no  disturbance ;  but  the  reciprocal  action  of  the  disturbed 
on  the  disturbing  planet  would  cause  it  to  advance  until 
the  distance  between  them  was  reduced  to  60°,  when  the 


perturbations  would  cease  entirely.  We  may  therefore 
state  this  general  theorem  of  celestial  mechanics,  namely: 
If  tiro  planets  are  movinij  in  the  same  plane,  and  at  tlie 
same  mean  distancefrom  the  sun,  and  are  situated  ot  an  avr/u- 
lar  distance  greater  than  60°  and  less  than  180°  from  eat/, 
other,  as  viewed  from  the  sun,  their  mutnal  pertnrhfitimis 
will  cause  them  to  approach  each  other  until  their  distance 
apart  becomes  equal  to  60°  /  and  their  approach  trill  he 
most  rapid  inhen  their  angular  distance  apart  is  cijual  to 
108°  21' 30". 

We  have  also  seen  that  the  coefficient  of  t  in  the  value 
of  8r  is  negative  when  /3  is  less  than  60°.  Tlie  coefficient 
of  t-  is  therefore  positive  in  the  value  of  8c  ;  it  therefore 
follows  that  the  disturbed  body  would  be  thrown  forward, 
and  the  disturbing  body  would  be  thrown  backward  by 
their  mutual  perturbations  when  their  angular  distance 
ajiart  was  less  than  60°. 

We  niay  therefore  state  this  general  proposition,  nanielj" : 
If  two  planets  arc  moving  in  the  same  ^y/awf,  and  at  the 
same  mean  distance  from  the  sun,  and  are  situated  at  an 
angular  distance  of  less  than  60°  apart  as  seen  from  the 
sun,  their  mutual  perturbations  u-ill  cause  them  to  recede 
from  eacli  other  until  their  distance  apart  heromes  equal  to 
60°/  and  they  will  always  remain  in  a  condition  of  stable 
equilibrium  at  that  distance  apart,  and  trill  rerolre  round 
the  sun  forever  free  from  mutual  disturbance. 

On  the  other  hand,  if  they  were  placed  at  a  distance  of 
180°  apart,  they  would  move  free  from  mutual  disturbance  ; 
but  a  slight  derangement  from  that  position  by  any  cause 
would  at  once  be  continued  by  their  mutual  attraction 
until  their  distance  apart  had  reached  the  angle  of  60°,  in 
which  position  it  would  remain  forever.  The  angular  dis- 
tance of  180°  apart  is  therefore  one  of  unstable  equilibrium  : 
and  no  two  planets  could  permanently  remain  in  that 
position. 

We  shall  now  consider  the  problem  of  the  constitution 
of  Saturn's  Iiings,  and  the  cosmogonj-  of  Laplack. 

According  to  equations  (14>  and  (19i  the  radius-vector 
and  longitude  are  free  from  perturbation  when  the  three 
bodies,  the  sun  and  two  planets  form  an  equilateral  tri- 
angle, lint  six  equilateral  triangles  fill  the  circle.  There 
might,  therefore,  be  six  equal  planets  revolving  in  the 
same  orbit  at  angular  distances  of  60°  apart,  and  all  be 
free  from  perturbation,  since  each  would  be  symmetrically 
situated  with  respect  to  all  tlie  others.  Moreover,  there 
might  be  another  set  of  six  equal  planets  introduced  mid- 
way between  the  first  six:  and  as  each  would  be  syin- 
metrically  situated  with  respect  to  all  the  others  they 
would  all  be  free  from  perturbation.  And  finally,  the 
number  of  planets  might  be  increased  indefinitely  so  as  to 
form  a  complete  ring  like  that  of  Saturn  ;  and  as  each 
planet  would  be  symmetrically  situated  with  lesj  ect  to 
the  others  its   motion  would  be  free   from  the  effects  of 
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perturbation  ;  or  in  other  words,  it  would  be  in  a  position 
of   stable   equilibrium  with  respect  to  the  forces  acting 
upon  it,  and  would  remain  relatively  at  rest  forever. 
According  to  equations  (8)  and  (9)  the  forces 

fdlt 
.  dr 


(§')  ""'^  (SO 


become  infinite  when  /3  =  ('.  Hut  in  that  case  the  two 
bodies  would  coincide.  It  therefore  becomes  an  interest- 
ing problem  to  determine  their  mutual  perturbations  when 
they  approach  that  condition,  since  the  forces  must  be- 
come rS'latively  quite  strong. 

We  shall  therefore  suppose  that  a  disturbing  body  in 
the  ring  of  Saturn  has  a  mass  equal  to  a  sphere  of  one  ! 
mile  in  diameter  of  the  same  mean  density  of  Saturn  ;  and 
if  we  further  suppose  this  sphere  to  be  condensed  to  a 
point,  the  radius  of  its  sphere  of  activity  with  respect  to 
Saturn  would  be  only  520  feet;  or  in  other  words,  if  a 
particle  of  matter  were  brought  within  a  less  distance  than 
520  feet  of  the  disturbing  body  it  would  describe  an  orbit 
around  that  body ;  while  if  it  were  at  a  greater  distance 
than  520  feet  it  would  revolve  around  SatKni  the  same  as 
any  other  part  of  the  ring. 

If  the  disturbing  body  in  the  ring  had  a  mass  equal  to 
that  of  a  sphere  one  hundred  miles  in  diameter,  of  the 
same  mean  density  as  Saturn,  it  would  have  only  25  miles 
for  the  radius  of  its  sphere  of  activity  with  respect  to 
Saturn,  if  reduced  to  a  point  by  condensation.  Xow,  a 
distance  of  25  miles  on  Saturn's  ring  would  subtend  an 
angle  of  only  64"  if  viewed  from  the  center  of  Saturn,  sup- 
posing it  to  be  80,000  miles  distant :  while  if  viewed  from 
the  earth  it  would  subtend  an  angle  of  only  0".0054,  and 
would  hardly  be  visible  in  the  most  powerful  telescopes. 

A  homogeneous  ring  of  satellites  would  therefore  be  in  a 
condition  of  stable  equilibrium  ;  but  if  any  finite  portion  of 
the  ring  should  become  weighted  by  a  mass  of  matter  com- 
parable to  that  of  one  of  the  satellites,  the  ring  would  be 
destroyed,  not  by  precipitation  on  the  planet,  but  by  the 
formation  of  three  satellites  moving  at  the  same  distance 
from  Saturn,  the  one  preceding  and  the  other  following 
the  disturbing  satellite  by  60°.  Laplace  demonstrated 
that  a  symmetrical  homogeneous  solid  ring  would  be  in  a 
condition  of  unstable  equilibrium,  and  would  move  forward 
in  its  own  plane  until  the  ring  came  in  contact  with  Saturn, 
when  it  would  be  broken  into  fragments  and  precipitated 
upon  the  planet.  He  therefore  imagined  that  such  a 
catastrophe  would  be  averted  if  the  ring  was  made  up  of 
irregular  solids  ;  but  he  gave  no  demonstration  that  such  a 
constitution  of  the  ring  would  afford  anj'  sustaining  power, 
or  produce  a  condition  of  stable  equilibrium.  Saturn's 
ring  has  now  been  carefully  observed  during  two  centuries 
and  a  half;  and  as  no  indications  of  irregularities  of 
structure  nor  perturbations  of  motion  have  been  detected 


we  may  logically  conclude  that  it  is  in  a  condition  of  stable 
equilibrium  with  all  the  acting  forces  :  and  is  therefore 
composed  of  millions  of  satellites  so  small  that  they  do 
not  disturb  each  other's  motion  any  more  than  the  grains 
of  sand  in  a  sand-blast  on  the  surface  of  the  earth. 

It  is  now  somewhat  more  than  one  hundred  years  since 
Laplace  published  his  cosmogony  or  theorj'  of  the  genesis 
of  the  solar  system,  under  the  name  of  "yelmlar  Hi/pothe- 
sis."'  The  general  principles  of  this  theory  are  so  well 
known  and  understood  that  it  is  unnecessary  to  enter  into 
any  details  at  this  time  concerning  them.  They  are  so 
plausible  that  they  have  v«ry  generally  been  accepted  by 
scientific  men  as  a  general  and  satisfactory  solution  of  the 
great  problem  of  world  making.  It  is  evident,  however, 
that  Laplace  forgot  his  usual  caution,  and  gave  to  the 
world  an  ingenious  speculation  without  submitting  any  of 
its  details  to  the  rigid  scrutinj-  of  mathematical  compu- 
tation;—  trusting  more  to  the  celebrity  of  the  author's 
name  for  its  acceptance  than  to  any  inherent  merits  of  the 
theorj'  itself.  For  it  is  a  curious  fact,  that  among  all  the 
elements  of  the  theory  there  is  only  one  that  seems  sus- 
ceptible of  demonstration. 

It  is  not  my  purpose  at  this  time  to  enter  into  a  general 
discussion  of  the  merits  of  the  nebular  hypothesis,  but 
only  to  show  that  some  of  its  assumptions  are  incompatible 
with  the  operation  of  gravitating  forces  :  leaving  for  another 
occasion  a  more  complete  consideration  of  the  subject. 

Assuming  for  the  present,  however,  that  a  ring  of  matter 
has  been  left  behind  by  the  contraction  of  a  rotating  neb- 
ula, Laplace  has  assumed  that  if  one  portion  of  the  ring 
was  much  heavier  and  larger  than  other  portions  of  the 
ring,  it  would  break  up  into  several  pieces,  and  the  largest 
pieces  would  graduall}'  attract  all  the  remaining  parts  of 
the  ring  to  itself;  and  the  matter  thus  collected  together 
would  further  condense  into  a  planet  and  its  satellites, 
having  motions  of  rotation  and  translation  in  the  same 
direction  as  the  primitive  nebula.  But  we  have  already 
seen  that  the  effect  of  the  mutual  attraction  of  two  parts 
of  a  ring  would  be  to  separate  them  still  further  apart  pro- 
vided their  primitive  distance  was  less  than  60°:  while  if 
their  primitive  distance  apart  was  greater  than  60°,  and 
less  than  ISO'',  the  two  parts  would  approach  each  other 
until  they  were  60°  apart,  when  thej-  would  have  attained 
a  position  of  equilibrium  with  all  the  acting  forces,  and  a 
nearer  approach  would  be  impossible.  The  assumption  by 
Laplace  that  the  matter  of  which  the  ring  was  composed 
would  concentrate  by  the  mutual  attraction  of  its  different 
parts,  into  a  single  planet  or  satellite  is  therefore  not  sus- 
tained by  a  rigorous  calculation. 

In  this  connection  it  may  be  proper  to  mention  the 
result  of  a  computation  made  by  the  writer  soon  after  the 
discovery  of  the  satellites  of  Mars,  in  regard  to  the  form- 
ation of  rings  by  a  rotating  nebula  which  is  undergoing 
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the  process  of  condensation  by  cooling.  According  to  the 
principle  of  the  conservation  of  areas,  wlien  a  rotating 
nebula  shrinks  in  volume  its  rotation  on  its  axis  must  be- 
come more  rapid.  Now  the  force  of  gravity  at  tlie  surface 
of  a  sphere  varies  inversely  as  the  square  of  the  radius, 
and  the  centrifugal  force  varies  inversely  as  the  cube  of 
the  radius.  The  centrifugal  force,  therefore,  varies  much 
more  rapidly  than  the  force  of  gravity  ;  and  if  at  a  given 
time  the  force  of  gravity  exceeds  the  centrifugal  force,  as 
the  process  of  contraction  goes  on  the  time  will  come  wlien 
the  centrifugal  force  will  just  equal  the  force  of  gravity. 
When  that  condition  is  reached,  the  particles  of  matter 
subjected  to  the.se  two  forces  will  cease  to  fall  to  wards. tlie 
equator  of  the  shrinking  nebula,  but  will  constitute  the 
outer  convex  surface  of  a  ring  in  process  of  formation. 
As  time  goes  on  the  centrifugal  force  becomes  greater  than 
the  force  of  gravity,  and  the  particles  of  matter  at  the 
Cleveland,  1904  Jan.  20. 


equator  of  the  nebula,  instead  of  being  left  at  that  distance 
from  the  center  of  the  nebula  would  be  thrown  off  by  the 
greater  centrifugal  force,  in  the  same  manner  as  water  is 
thrown  off  from  the  circumference  of  a  rapidly  rotating 
grindstone. 

Now,  in  order  that  a  ring  of  matter  may  be  /eft  behind. 
it  would  be  necessary  to  stop  the  rotation  of  the  nebula, 
either  wholly  or  in  part,  and  allow  it  to  assume  a  spherical 
form  by  means  of  the  force  of  gravity  alone.  In  this  waj- 
a  ring  of  matter  might  be  left  behind  the  shrinking  nebula; 
but  the  theory  as  explained  by  its  author  fails  to  provide 
or  suggest  any  method  by  which  this  object  could  be 
attained.  A  correct  theory  of  creation  must  be  able  to 
explain  not  only  the  general  plan,  but  all  the  subordinate 
details  of  its  development ;  and  since  the  nebular  hypothe- 
sis wholly  fails  to  satisfy  that  requirement  it  evidently 
rests  on  no  logical  foundation. 


AN   ORBIT   OF  ENCELABUS, 

By  iiekhert  k.  mok(;ax. 


The  observations  used  in  the  following  orbit  were  made 
by  Prof.  T.  J.  J.  See,  on  the  26-inch  equatorial  of  the 
U.S.  Naval  Observatory,  in  1901,  and  are  published  in  the 
A.ttrononiisehe  Nnehrlchten,  Nr.  3806.  On  June  9  the  po- 
sition-angle and  distance  should  be  : 

p  =  278''.95     ,     s  =  o9".70 

June  18  was  out  4",  and  Aug.  17  was  incomplete;  these 
two  were  not  used.  On  nine  nights,  when  the  seeing  was 
bad,  and  the  residuals  were  over  0".8,  less  weight  was 
given. 

The  mass  of  Saturn,  fi  =  3495.3,  was  considered  known, 
and  the  distances,  A,  of  the  satellites  derived  therefrom. 
The  peri-Saturnium  of  Enceladus  is  known  from  theory ; 
TT  =  21^,  —  I K„  ■  The  solution  gives  only  the  eccentricity. 
All  formulas  used  are  given  by  H.  Struve.  The  longitudes 
are  reckoned  on  Saturn's  equator,  as  the  fundamental  plane, 
from  its  node,  (iV,),  on  the  Eart/t's  equator. 

Assumed  Ele.ments. 
1901   .hilv  S.O  (ireenwicli  M.T. 


En<<la<lui< 

Tclhi/g 

i 

176°.195 

3()°.C97 
0.0 

^ 

257°.28 

lir 

+  123°.43^ 

0.0 

(;4'.36 

H 

177°.0 

W 

-152°.7/ 

-  72°.5  t 

n 

262°.73199 

l'.t0''.G9795 

A 

34".416 

42".605 

Sdtiinrs  equator     (  A',  =  126  30.0 

1901.518  <  Ji  =      6  55.6 

Mass  =  ^  =  3495.3  (  u>,  =     42  47.2 


Corrections 


Enrcladus 
,h  =  -0M00±0°.079 
(-  =      0.0032  ±0.0006 
6  =  208=.6 

=       9;-.'  : 


Tethys 
-0°.146±0°.05S 


y    =       ZO'.ii 

[««]  =  12".41,  [(•!•]  =  9".68,  Prob.  error  of  equation  ±0".213 

Tliere  were  one  hundred  and  two  equations  of  condition, 
with  an  average  residual  of  ±  0".35 ;  the  solution  only  re- 
ducing this  to  ±0".31. 

The  longitude  and  eccentricity  of  Enreludus  agree  with 
Struvk's  values,  wliile  the  longitude  of  Tethys  is  still 
greater  than  that  found  by  him  in  1901.  As  the  Earth 
was  way  above  the  plane  of  Saturn's  equator,  the  solution, 
while  giving  a  good  eccentricity,  would  not  give  an  incli- 
nation and  node  closely,  and  tlie  inclination  is  doubtless 
too  large.  A  solution  in  1900  gave  11'.4,  while  1S9S  gave 
9'.0. 

It  is  hoped  that  when  the  earth  again  passes  through 
the  ring  plane  in  the  next  few  years,  a  series  of  observa- 
tions and  reductions  of  the  nature  of  Stkvye's  at  the  last 
such  passage,  may  be  undertaken.  This  will  give  an  inter- 
val of  fifteen  years  for  determining  motions. 

.V<ira/  06.ifrrn<')ri/. 
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OBSEK\'ATIONS   OF    1072  p   I'EJiSEJ, 

.MADE    .\T   HIE   Sll  l>ENr.s'    OU.SE){V.\T()l; Y,    I'NIVKKSITV    OK    VIRGINIA, 

Uy  CI1AKI.es    I'.  OMVIEl;. 

During  till'  latter  part  of  1901,  my  attention  was  called    I  vations  have   been   taken   of   its  brightness.     The  results 
to  the  variable  p  Fersei,  and  ever  since  that  time  obser-   |  follow  : 


Dale                Mag. 

Date                Mag. 

Date 

.Mag. 

Date 

Mag. 

Date 

.Mag. 

1 1)00  Oct.       '.)      3..S 

1902  Feb.    18     3.81 

1902  Oct. 

22 

3.68 

1903  Mar.  31 

3.56       1903  Nov 

19 

.3.35 

17     3.(13 

lit     3.55 

24 

3.58 

Apr.      4 

3.65 

20 

3.35 

'26     3.8 

23     3.44 

25 

3.70 

8 

3.57 

24 

3.39 

^       L'9     3.4 

2(;     3.45 

29 

3.87 

June  29 

3.81 

27 

3.44 

1901  Oct.       5     3.73 

Mar.     3     3.44 

31 

3.77 

July      1 

3.79 

30 

3.47 

1 1     3.70 

G     3.49 

Nov. 

4 

3.68 

13 

3.61 

Dec 

3 

3.49 

Nov.     8     3.51 

7     3.70 

21 

3.90 

15 

3.50 

10 

3.90 

9     3.61 

9     3.40 

28 

3.63 

20 

3.64 

11 

3.91 

30     3.68 

10     3.46  ±                 J>ec. 

3 

3.58 

21 

3.64 

14 

4.07 

Dec.      7     3.90 

11     3.50 

5 

3.58 

24 

3.75 

15 

4.02 

8     3.90 

12     3.59 

6 

3.61 

Aug.   11 

.3.90 

16 

4.02 

10     4.17 

13     3.59 

8 

3:54 

20 

4.08 

17 

3.90 

11     4.20 

19     3.59 

9 

3.59 

25 

3.91 

17 

3.80 

12     4.12 

22     3.49 

10 

3.59 

Sept.  12 

3.50 

18 

3.76 

15     4.12 

23     3.49 

16 

3.59 

15 

3.64 

21 

3.49 

17     4.11 

25     3.60 

17 

.3.75 

17 

3.71 

22 

3.47 

18     4.00 

29     3.72 

18 

3.75 

18 

3.33? 

23 

3.49 

21     3.90 

30     3.90 

19 

3.75 

21 

3.49 

25 

3.44 

24     3.70 

31     3.81 

31 

3.96 

21 

3.60 

26 

3.44 

30     3.98 

Apr.     5     3.85     '     1903  Jan. 

1 

4.08 

22 

3.91 

28 

3.50 

31     4.00 

6     3.5S 

7 

3.73 

23 

4.07 

31 

3..50 

1902  Jan.      1     3.91 

9     3.81 

8 

3.70 

24 

3.91 

1904  Jan 

4 

3.64 

2     4.00 

July     4     3.90 

9 

3.50 

26 

3.90 

5 

3.46 

3     3.91 

14     3.98 

14 

3.68 

28 

3.90 

7 

3.37 

4     3.81 

28     4.00 

15 

3.68 

29 

3.69 

8 

3.38 

5     3.81  + 

Aug.     7     4.12 

23 

3.75 

30 

3.77 

9 

.3.44 

6     3.81 

10     ."..68 

30 

3.77 

Oct.      1 

3.49 

13 

3.80 

9     3.88 

17     3.70 

31 

3.90 

8 

3.54 

15 

3.77 

11     3.88 

22     3.49                    Vi;\>. 

5 

3.64 

12 

3.60 

IC 

3.81 

12     3.88 

24     3.58 

9 

3.59 

13 

3.79 

18 

3.77 

13     3.72 

26     3.65 

11 

3.58 

14 

3.78 

19 

3.77 

14     3.53 

Sept.     7     3.86 

12 

3..59 

17 

3.90 

20 

3.70 

16     3.58 

11     3.90 

13 

3.60 

18 

3.75 

25 

3.70 

17     3.64 

13     3.68 

17 

3.73 

19 

3.84 

26 

3.81 

Feb.      3     3.97 

22     3.90 

19 

3.64 

26 

3.90 

27 

3.81 

3     4.05 

23     4.00 

20 

3.64 

27 

3.69 

30 

3.73 

4     4.13 

29     3.68 

24 

3.64 

28 

3.65 

Feb 

1 

3.68 

6     3.96 

Oct.       1     3.58                    Mar. 

13 

3.65 

Nov.     6 

3.39 

3 

3.59 

7     4.03 

2     3.70 

17 

3.56 

7 

3.39 

4 

3.61 

8     3.90 

7     3.55 

20 

3.56 

10 

3.35 

5 

3.69 

9     4.04 

8     .3.49 

23 

3.56 

11 

3.29 

6 

3.69 

10     3.90 

9     3.58 

25 

.3.44 

12 

3.29 

8 

:!.7li 

13     3.90 

21      3.58 

26 

3.49 

18 

3.40 

11 

12 

3.80 
3.80 

The  lii;ht-curve  obtain 

Bd  from  the  above  results  shows  that  the 

£  Cast) 

ei                     s'.O-l 

A  Persei 

■?"on 

star  has  had  no  regularity 

in  its  variations  diu-ing  the  period  covered. 

iopeae             3.44 

a  Trianguli 

8.49 

By  a  comparison  of  the 

Harvard,  Oxford  and  Potsdam  measures, 

>i  Pers 

n                      3.90 

V  Persei 

3.91 

the  followiiiff  magnitudes 

for  the  comparison  stars  wei 

e  obtained  : 

T  Pers 
'  Pers 

el                      4.01 
»('                        4.22 

ei 

^ersei 

4.18 

The  variable  was  compared  with  from  1  to  9  stars  at  each  observation. 
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OBSERVATIONS  OF   SUNSPOTS, 

MADE    AT   AMUEKST    COLLEGE   OUSEKVATOIiY, 

By  ROBERT  H.  BAKEK. 


1903 

New      i 

Disapp.    1 

Reapp. 

Total 

1903 

New       1 

Disapp. 

Reapp. 

Total        ! 

Gr.  ' 

Spots! 

Gr. 

Spots 

Gr.  ! Spots 

Gr.  I  Spots 

Gr.   iSpotsI 

Gr.  ' 

Spots 

Gr. 

Spots 

Gr. 

Spots 

May    17 

h 
1 

1 

3 

_ 

; 

1        3    1 

1    1       3 

Oct.     31 

h 
0 

„ 

00 

2 

40 

IS 

1 

_ 

_ 

_ 

_ 

1     '       2 

Nov.      1 

0 

- 

2 

- 

2 

32 

19 

1 

_ 

_ 

_ 

_ 

_ 

1             2 

'> 

2 

2 

15 

- 

- 

1 

2 

4 

47 

:.'() 

1 

1 

9 

_ 

_ 

1 

2          11 

;; 
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- 

7 

- 

- 

- 

- 

4 

51 

21 

1 

1 

4 

_ 

_ 

1        4 

2 

10 

4 

3 

1 

5 

- 

- 

1 

4 

4 

38    1 

-2 

1 

_ 

_ 

_ 

_ 

_        _ 

2 

(°i 

7 

0 

9 

1 

8 

- 

- 

3 

37    1 

2"' 

23 

_ 

1 

_ 

_ 

_        _ 

1 

2 

9 

2 

r>5 

- 

- 

- 

- 

3 

102 

24 

1     i 

_ 

2 

_ 

_ 

1 

4 

10 

2 

3 

80 

25 

0 

2 

6 

_ 

_ 

_ 

3 

10 

11 

2 

- 

3 

65 

26 

12 

- 

4 

_ 

_ 

_ 

2 

11 

12 

2 

- 

1 

3 

2 

38    , 

28 
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Observations  in  May  and  June  made  with  7}-inch  refractor.     Faculae  seen  except  on  June  10. 

Observation.'!  in  October,  November  and  December  made  with   6-inch   reflector,  except  with   i-inch   refractor,  from  Oct.  13  29  and 
Dec.  21-31.      Faculae   seen   except    Oct.  iO-L'o,  Dec.  21.  22,  2."),  31. 


OBSERVATIONS   OF    VAKIAHLE   STARS,— No.  «). 

H^  \VM.  K.  .-^rnuK.v. 


10;!    T  Andromfddc. 

Eight  observations  of  this  star,  between  1901  October  29 
ami  1902  January  7,  give  as  the  date  of  inasiinum  1901 
November  22,  at  8". 4. 

The  first  observation  was  at  9". 5,  and  tlie  last  at  10».S. 


.•!20    r  C>-p/,ci. 
1900  Ajiril  4,  18  observations,  from  13"  23"'  to  18''  o7"'. 

h       n> 

Greenw.  Time  of  mininiuin  by  single  curve,  16  15 

"  "  "  mean  curve,    16  26.;>  wt.  10 

I  "  ■'  ••  e.iu.al  lights,    16  21.5 
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N"    -J.- 


8.4 

14  3r. 

IS  11 

16 

23.0 

8.6 

14  47 

18  1 

16 

24.0 

8.8 

14  58 

17  52 

16 

23.5 

9.0 

15  0 

17  42 

16 

21.0 

9.1* 

15  (■) 

17  26 

16 

16.0 

Mean  ( Green w.  M.T.) 
Lowest  observed  li'-rlit  9". 4. 


16 


!1.5 


As  in  my  results  (A.J.  397),  Chandler's  mean  light- 
curve  was  used.  By  using  Yenuell'.s  mean  liglit-curve 
(A.J.  »nlj  p.  219),  the  resulting  time  of  minimum  is  16'' 
37'".8.  Using  Chandler's  elements  [A.J.  551,  p.  214) : 
viz.,  1880  June  23"  7''  43"'.5  G.M.T.,  +2*  11''  49"'  44'.7  E,  the 
computed  time  of  minimum  is  16''  24'".5  ;  and  from  his 
definitive  elements  in  the  ''Revision,  &c."  (.•(../.  553)  it  is 
16''  19"'. 8;  thus,  correcting  for  light-equation,  giving 
0  — C  =  — 5'".1,  and  — 0"'.8,  respectively. 

2815    U  Geminornm. 


1900  April  4.57  9.50 
5.54  9.42 
8.56     9.95 


1901  March  31.56     10.46 


7792   SSCi/gni. 
Continuation  of  the  series  published  in  A.J.  476,  to  which 
refer  for  magnitudes  and  comparison  stars. 


1900  June  30.62 

8..S7 

1900  Oct.  27.60 

11.36 

July  14.61 

9.88 

Dec.  23.49 

8.73 

Sept.  2.54 

11.36 

Barbertov,  Ohio,  1904  Jan.  27. 


1901   June  16  to  July  3.  .seven  oljservations  at  normal 
light. 


1901  July  11.66  8.85 

12.64  9.10 

14.65  10.42 

I'.i.c,;;  ii.;;o 


1901  Julv     5.66  11.17 

6.68  10.77 

8.65  8.60 

'.1.65  S.41 

lO.IM  S.(;5 

These  observations  yield  as  the  time  of  maximum  19()1 
July  9.35.  at  8 ".45. 

1901   July  21    to  Aug.   12,    six   observations  at  normal 
light. 


1901  Aug.  18.58  10.52 
21.63  8.50 
22.63       8.54 


1901  Aug.  25.58       8.47 
Sept.   3.63     10.92 


These  indicate  a  maximum  for  Aug.  23  ±.  at  8". 5. 
1901  Sept.  12  to  Oct.  7,  eight  normal  observations. 


1901   Oct.  14.60     9.03 
1 5.42     8.01 


1901  Oct,  21.58       9.44 
22.63     10.32 


1901  Kov.  1  to  Dec.  1,  five  normal  observations. 
1901  Dec.   11.52     8.34    |     1901  Dec.   12.54       8AS 


1903  July  22.65  10.48 

'  23.64  8.94 

24.63  8.36 

27.67  8.33 


1903  July  28.63       8.32 

31.58       8.41 

Aug.    5.63       9.68 


These  indicate  as  the  time  of  maximum  1903  July  27.50, 
at  8''.32. 

1903  Sept.  21.58     10>'.75 


VA  HI  ABILITY  OF    (135)  HERTIIA. 

A  despatch  from  Kiel,  February  20.  states  that  Palisa's  planet  Hcrtha   is  variable;    range  half  a  magnitude! 
short  period. 


CORRIGENDA. 


-LJ.  504,  p.  ISS;  182  nt^,  —  Q,„  for  362°.61.i9  put  .352=.6159 
^■1.  J.  504,  p.  188  ;  305  nt(,=  n't.  for  108°.0624  put  188°.0624 
A.,T.  b'^Q,  p.  28,  col.  2,  line  14  from  bottom,     read     "removal  from  J?" of  all' 


C  O  X  T  E  X  T  S  . 
Tjieokv  of  the  Mutual  Pbktukbatioxs  of  Planets  Movixg  at  the  Same  Mean  Distakoe  from  the  Sun,  and  its  Bearing 

ox  the  Constitution  of  Saturn's  Rings  and  the  Cosmogony  of  Laplace,  isy  John  N.  Stockwell. 
An  Orbit  of  Enceladus,  bv  Herbert  K.  Morgan. 
Observations  of  1072  p  Persei,  by  Charles  P.  Olivier. 
Obsebv.\tions  of  Sunspots,  by  Robert  H.  Baker. 
Observations  of  Variable  Staks.  —  Xo.  0,  by  Wm.  F..  .Spfrha. 
Variability  of  (135)  Hertha. 
Corrigenda. 
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PROVISIONAL   RESULTS   OF   AN    EXAMINATION   OF   THE   PROPER  MOTIONS 

OF   CERTAIN   FAINT   STARS, 

Bv  GEORGE  C.  COMSTOGK. 


Ill  Vol.  X  ol'  the  Ohservations  de  Poulkova  Otto  Struve 
has  publislied  a  series  of  proper  motions  of  faint  stars 
derived  from  micrometric  comparisons  of  these  stars  with 
neighboring  bright  ones  of  known  proper  motion.  Some 
of  these  stars  are  as  faint  as  the  twelfth  magnitude,  and 
so  far  as  I  am  aware  this  list  represents  the  first  attempt 
ever  made  at  determining  the  motions  of  stars  of  this  class, 
or  indeed  of  any  class  fainter  than  the  ninth  magnitude. 
But  small  heed  seems  ever  to  have  been  paid  to  these 
determinations,  and  they  cannot  be  considered  to  have  pro- 
duced any  effect  upon  current  views  of  the  structure  of  the 
stellar  system,  although  they  furnish  precisely  the  kind  of 
data  most  needed  for  this  purpose.  Indeed,  it  is  not 
feasible  from  an  inspection  of  the  published  data  to  de- 
termine whether  the  resultant  proper  motions  are  real 
quantities,  or  are  merely  residual  errors  of  observation  and 
of  the  assumed  reduction  elements.  For  the  most  part 
they  depend  upon  micrometric  observations  at  only  two 
epochs,  separated  by  an  interval  of  about  a  quarter  of  a 
century,  and  the  assumed  proper  motions  of  the  bright 
comparison  stars  are  far  from  corresponding  to  the  best 
data  now  attainable. 

The  method,  however,  has  seemed  to  me  sufliciently 
promising  to  warrant  further  attempts  at  its  application, 
and  as  the  elapsed  time  interval  separating  the  present 
epoch  from  that  of  the  earlier  observations  of  these  stars 
by  the  Stuuves  amounts  on  the  average  to  something  more 
than  half  a  century,  I  have  repeated  with  the  40cm.  equa- 
torial of  the  Washburn  Observatory  the  micrometric  meas- 
ures of  all  these  stars  fainter  than  the  ninth  magnitude 
for  which  suitable  early  observations  are  available.  The 
presentation  of  these  observations  and  their  detailed  dis- 
cussion is  reserved  for  another  place,  and  I  here  confine 
myself  to  a  preliminary  exposition  of  the  methods  and 
results  of  that  discussion. 

For  the  older  data  required    in    the    determination    of 


proper  motions  I  liave  relied  exclusively  upon  the  obser- 
vations of  W.  Struve  and  0.  Struve,  made  in  the  twenty 
years  following  183o.  For  corresponding  recent  data  1 
have  been  compelled  to  rely  mainlj-  upon  my  own  obser- 
vations, although  these  are  supplemented,  in  some  measure, 
by  other  data,  most  frequently  that  of  the  Lick  observers. 
I  have  combined  with  the  foregoing  material  a  sufficient 
number  of  intermediate  observations  to  furnish  a  control 
upon  the  assumed  linear  character  of  the  relative  motion 
of  the  stars,  but  I  have  made  no  attempt  to  utilize  all  of 
the  extant  data,  since  most  of  it  falls  near  the  mean  epoch 
of  the  earlier  and  later  observations,  and  would  therefore 
add  very  little  to  the  weight  of  the  resulting  proper 
motions.  I  have  therefore  limited  myself,  for  the  most 
part,  in  the  selection  of  intermediate  data  to  the  observa- 
tions of  Dembowski,  Hall,  Burnham  and  the  Pulkowa 
observers.  In  every  case  the  mean  of  the  position  angles 
measured  hy  a  given  observer  during  a  brief  period  (one  to 
four  years)  was  reduced  to  the  epoch  ISoO.O,  and  was  then 
combined  with  the  corresponding  mean  of  the  distances  to 
furnish  rectangular  coordinates,  dA  perpendicular,  and  dD 
parallel  to  the  hour-circle.  The  weights  of  these  coordi- 
nates were  assumed  to  be  independent  of  the  observer,  and 
to  be  functions  solely  of  the  number  of  individual  observa- 
tions entering  into  the  adopted  mean  position  angle  and 
distance,  in  accordance  with  the  following  scheme : 


No.  of  Observations 

Assumed  Weight 

1 

0.;-) 

L'  to  10 

1.0 

10  to    00 

2.0 

Cases  in  which  tlie  weight  2.0  was  assigned  are  extremely 
rare. 

Each  star  furnishes  two  sets  of  equations  of  the  ty]>e, 

r^+  x^^- 1850.0)  =  </.i      .     //„  +  .v'(<-18o0.0)  =  dD 

which    were  treated  by  the   method   of  least-squares  and 

(J3) 
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definitive  values  obtained  for  the  four  unknowns,  together 
with  the  weights  of  their  determination.  If  the  rectangu- 
lar comjionents  of  the  proper  motion  of  the  briglit  star  be 
then  added  to  the  x'  and  y'  we  shall  obtain  the  proper 
motion  of  the  star  under  investigation,  provided  there  is 
no  physical  connection  between  the  two  bodies.  I  have 
excluded  from  consideration  in  the  present  article  all 
cases  in  which  this  condition  (absence  of  physical  con- 
nection) is  not  satisfied,  the  criterion  applied  for  this  pur- 
pose being  a  large  proper  motion  of  the  bright  star  not 
shared  by^ts  faint  companion.  Whenever  possible  I  have 
taken  the  assumed  proper  motion  of  the  comparison  stars 
from  Newcomb's  Fiindamental  Catalogue.  For  stars  not 
contained  in  this  catalogue  I  have  myself  derived,  with  the 


assistance  of  Mr.  Skbastian  Alijrkcht,  proper  motions 
referred  to  Newcomb's  system,  using  for  this  jmrpose  the 
formulas,  precession  constants  and  systematic  corrections  of 
the  P'tindamentnl  Catalogue.  I  have,  however,  extended 
my  data  for  proper  motions  beyond  the  list  of  catalogues 
for  which  Newcomb  gives  systematic  corrections,  and  have 
derived  the  requisite  corrections  to  these  catalogues  from 
the  current  literature  of  astronomy. 

The  following  example  represents  the  principal  steps 
iu  the  process  of  deriving  the  proper  motion  of  one  of 
these  stars,  viz. :  a  star  of  the  10.6  magnitude  near  Alde- 
haran.  It  may  be  regarded  as  fairly  typical  of  the  entire 
series,  although  the  resulting  proper  motion  is  unusually 
large. 


CoMPARisoN 

OF  a  Tauri  with    ^  10" 

6. 

Date 

Observer 

No.  of  Obs. 

/)  (1850.0) 

■- 

dA 

c 

dD 

V 

1836.0G 

\' 

2 

36°   5.0 

109"04 

+  64°22 

-0.08 

+  88'l3 

-o!o9 

53.82 

02- 

9 

35  19.6 

111.61 

64.54 

-   .14 

91.05 

+   .18 

55.36 

02: 

9 

35  24.5 

111.78 

64.75 

+    .04 

91.10 

-   .01 

56.95 

02 

6 

35  25.3 

112.11 

64.98 

+    .24 

91.37 

+    .02 

84.16 

III 

3 

34  21.1 

115.41 

65.12 

-   .20 

95.28 

-   .15 

1902.40 

Comstock         3 

33  50.3 

118.22 

+  65.83 

+  0.12 

+  98.19 

+  0.03 

Proper 

Motions 

Conclu 

led 

Values 

a  Tauri 

^lOM.O 

\Vei>;ht 

dA   = 

+  64.60 

+  0"0213(<- 

18t 

0.0) 

+  0'0690 

+  o"o903 

2884 

dl>  = 

+  90.34 

+  0.1495  li- 

18c 

0.0) 

-0.1889 

-0.0394 

The  weight  2884  given  in  the  preceding  exhibit  is  that 
of  the  relative  annual  motion  of  the  two  stars  in  each  co- 
ordinate, i.e.,  that  of  the  variable  part  of  both  dA  and  dl). 
To  determine  the  probable  error  corresponding  to  unit- 
weight  I  have  discussed  the  residuals  from  914  equations 
furnished  by  the  observations  of  99  stars,  without  distinction 
of  observer  or  coordinates,  and  find  thus  for  the  probable 
error  of  an  equation  of  unit-weight,  r,  =  ±0".15.  Corre- 
sponding to  this  datum  the  probable  errors  of  the  quan- 
tities above  derived  are  each  ±  0".0028.  According  to 
Newcomb  the  probable  error  of  the  proper  motion  of 
a  Tauri  is  in  each  coordinate  ±0".0016,  and  the  resulting 
probable  error  of  the  annual  proper  motioB  of  the  faint 
star  is  ±0".0032  in  each  coordinate. 

As  a  control  upon  the  assumption  that  equal  weights  are 
to  be  attributed  to  all  observers,  I  have  derived  from  the 
entire  data  at  my  disposal  the  value  of  r^  for  each  observer 
for  whom  20  or  more  residuals  are  available,  and  their 
Taiaes  are  shown  in  the  following  table  : 


Observer 

No.  of  vs. 

'"i 

V 

122 

±0.U 

02 

308 

.15 

H2 

44 

.19 

Doubiaoo 

24 

.20 

A 

116 

.14 

Hall 

20 

.16 

P 

64 

.17 

Comstock 

19S 

.11 

The  variations  here  shown,  while  not  inconsiderable, 
are  in  part  fictitious,  the  large  time-coefficient  tending  to 
produce  a  better  representation  of  the  observations  at  the 
beginning  and  end  of  the  series,  than  is  the  case  for  inter- 
mediate data,  and  it  does  not  appear  that  any  marked  im- 
provement in  the  results  could  be  obtained  by  assigning 
different  weights  to  the  different  observers.  From  a  com- 
parison of  the  data  furnished  by  Newcomb's  Fundamental 
Catalogue  with  the  probable  errors  of  the  proper  motions 
of  faint  stars  here  obtained,  it  appears  that  in  general  the 
precision  of  these  proper  motions  does  not  differ  sensibly 
from  the  proper  motions  of  Newcomb's  stars  that  are 
fainter  than  the  fifth  magnitude,  the  average  probable 
error  of  a  proper  motion  in  declination  being  for  New- 
comb's stars  ±0".0054,  and  for  the  tenth  and  eleventh 
magnitude  stars  here  considered  ±  0".0052.  The  precision 
in  right-ascension  is  a  trifle  less.  So  far,  therefore,  as 
internal  consistency  of  the  data  is  concerned  the  proper 
motions  that  form  the  subject  of  this  paper  must  be  re- 
garded as  quite  comparable  with  those  of  the  fainter  funda- 
mental stars. 

It  is  possible,  however,  to  apply  to  these  proper  motions 
a  further  and  independent  criterion  of  their  intrinsic  worth, 
and  to  that  end  I  have  sought  to  derive  from  them  a  de- 
termination of  the  elements  of  the  sun's  motion  of  trans- 
lation. Although  the  amount  of  data  is  scanty,  the  stars 
are  well  distributed  in  right-ascension,  and  the  problem  is 
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not  quite  so  hopeless  as  it  might  seem  a  priori.  I  have 
used  for  this  purpose  Aiky's  method,  i.e.,  the  determination 
of  the  rectangular  coordinates  of  the  solar  motion,  involv- 
ing in  each  equation  into  which  these  coordinates  enter, 
an  assumption  with  regard  to  the  parallax  of  the  given 
star.  In  place  of  the  rather  crude  assumptions  frequently 
made  in  this  connection  I  have  employed  in  computing  the 
coefficients  of  the  equations  an  extrapolation  of  Kapteyn's 

formula,  tt, .„  =  (O.QOo)"""^-^  '•*'v'0.03S7.«  (PubUrafioyis,*** 

Gro7iin;/en,  Xo.  8,  p.  24).  This  gives  for  any  star  in  terms 
of  its  brightness,  m,  and  proper  motion  /x  a  hypothetical 
parallax  that  in  the  mean  corresponds  well  to  the  average 
distance  of  such  stars.  Although  the  formula  professedly 
relates  only  to  stars  brighter  than  the  ninth  magnitude,  it 
will  appear  later  that  the  extrapolation  is  justified  as  far 
'as  the  twelfth  magnitude. 

In  view  of  the  wide  range  of  utility  presented  by  this 
equation  I  reproduce  here  the  following  tables,  based  upon 
it,  that  I  have  employed  in  computing  the  parallaxes  that 
enter  into  the  coefficients  of  my  equations.  The  argument 
for  A  is  the  stellar  magnitude,  and  for  B  it  is  the  annual 
proper  motion,  expressed  in  seconds  of  arc  of  a  great  circle, 
and  multiplied  by  such  a  factor  (10")  as  will  suffice  to  bring 
it  within  the  range  of  the  tabular  arguments. 

Table  for  Kapteyn's  Hypothetical  Pakallaxes. 
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As  an  example  of  the  application  of  these  tables  I  select 
the  star  above  compared  with  a  Tauri,  and  obtain 
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In  the  table  on  page  48  of  this  article  there  are  shown 
the  proper  motions  of  68  faint  stars,  together  with  other 
data  pertinent  to  their  use.  Reserving  for  another  publi- 
cation the  individual  equations  arising  from  these  several 
stars,  I  present  as  sufficient  for  the  present  jjurpose  the 
following  noruKil  equations  involving  the  equatorial,  rect- 


angular coordinates  of  the  annual  solar  motion,  and  their 
relation  to  the  observed  proper  motions  of  these  stars,  all 
of  which  are  included  between  the  magnitudes  8.5  and 
1 2.5.  No  one  of  these  proper  motions  has  been  hitherto 
employed  for  this  purpose. 

Normal  Equations  foe  Determixixo  the  Solar  Motion. 
In  dA. 

+  7.23X  +0.59  Y  =    +lo!56 
+  0.59  A'  +7.06  y  =    -31.30 

In  ■ID. 

+  1.65  A'  -0.19  r  -  1.38  Z  =  +  2.21 
-0.19  A'  +1.51  r  +  0.30  Z  =  +  0.38 
-1.38X  +0.30  Y  +11.23Z  =    +21.36 

From  the  solution  of  these  equations  I  find  A"=  +1.956, 
F=  -3.773,  Z=  +2.242,  with  the  weights  8.70,  8.55. 
11.00,  respectively.  These  values  furnish  as  the  apex  of 
the  solar  motion  relative  to  the  group  of  stars  under  con- 
sideration. R.A.  =  297°,  Decl.  =  +28°,  which  may  be 
compared  with  Newcomb"s  determination  from  proper 
motions  of  the  brighter  stars.  A.J.,  No.  457,  R.A.  =  277°.5, 
Decl.  =  +35°,  and  with  Campbell's  spectroscopic  result. 
A-P.J.  XIII,  83,  R.A.  =  277°.5.  Decl.  =  +20°. 

In  view  of  the  character  of  the  data  employed  the  agree- 
ment of  these  numbers  with  previous  determinations  of  the 
apex  must  be  regarded  as  eminently  satisfactory,  the  devi- 
ation from  the  commonly  adopted  mean  position  of  the 
apex  being  not  more  than  20°.  I  regard  this  agreement  as 
proof  a  posteriori  that  the  proper  motions  in  question  are 
real  quantities,  and  not  mere  computation  results,  and  I 
proceed,  therefore,  to  consider  some  of  the  conclusions  that 
may  be  derived  from  these  proper  motions,  subject,  of 
course,  to  confirmation  by  similar  but  more  extensive  data 
to  be  hereafter  obtained. 

It  is  an  immediate  inference  from  the  preceding  results 
that  the  bright  and  faint  stars,  considered  as  separate 
groups,  are  at  rest  relative  to  each  other,  since  they  have 
substantially  the  same  relation  to  the  sun's  motion.  The 
supposed  rotation  of  stars  fainter  than  the  sixth  magnitude 
relative  to  those  brighter  than  this  limit,  if  real,  does  not 
extend  to  stars  fainter  than  the  ninth  magnitude. 

From  the  values  of  A',  I'and  Z,  above  given.  I  obtain  as 
the  sun's  linear  motion  4.805  radii  of  tlie  earth's  orbit  per 
annum.  This  number  depends  upon  the  magnitude  of  the 
coefficients  in  the  several  observation-equations,  and  its 
approximate  agreement  with  Campbell's  spectroscopic 
result,  4.2  per  annum,  is  the  required  proof  that  the  values 
of  the  parallaxes  derived  by  extrapolation  from  Kapteyn's 
formula  are  not  seriously  in  error.  Multiplying  the  as- 
sumed parallaxes  by  the  constant  factor  1.14.  required  to 
reduce  the  resulting  solar  velocity  to  agreement  with  the 
spectroscopic  results.  I  obtain  as  the  mean  parallax  of  the 
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stars   uuder   investigation,    ir„  =  0".00499,  corresponding 
to  the  mean  magnitude  10.5. 

Following  the  methods  of  Kai-teyn  I  have  resolved  the 
total  proper  motion  of  each  star  into  coraiionents  respec- 
tively parallel  and  perpendicular  to  the  great  circle  passing 
through  the  assumed  apex  of  the  sun's  way  (E.A.  =  275°, 
Decl.  =  +30°),  and  have  used  these  components  to  de- 
termine the  average  linear  velocity  of  the  motion  of  these 
stars,  adopting  as  the  unit  in  which  to  express  their  veloci- 
ties the  number  of  radii  of  the  earth's  orbit  traversed  in  a 
year.  I  find  thus  as  the  mean  velocity  of  the  GS  stars  the 
number  7.2,  which  is,  in  part  at  least  fortuitously,  in  exact 
agreement  with  Campbell's  mean  spectroscopic  result  for 
the  brighter  stars  of  magnitude  approximately  4.0.  It 
does  not,  however,  correspond  to  his  supposition  of  i^n  in- 
creasing velocitj'  of  translation  for  the  fainter  stars,  the 
average  star  here  considered  being  at  least  six  magnitudes 
fainter  than  the  average  of  Campbell's  list,  and  showing 
no  appreciable  difference  of  velocity. 

I  have  also  employed  Kapteyn's  method  of  determining 
the  mean  parallax  of  the  stars  from  the  component  of  their 
proper  motion  parallel  to  the  sun's  way,  and  I  thus  find  as 
the  centennial  proper  motion  of  the  sun,  seen  from  the 
mean  distance  of  these  stars,  the  so-called  secular  parallax, 
the  value  1".656.  Dividing  this  number  by  420,  Camp- 
bell's value  of  the  centennial  motion  of  the  sun  expressed 
in  radii  of  the  earth's  orbit,  I  obtain  as  the  average  paral- 
lax of  the  stars  in  question,  the  value  0".00394.  The  dif- 
ference between  this  value  and  the  preceding  result  for  jr„ 
is  due  in  large  measure  to  the  differently  assumed  positions 
of  the  apex  of  the  solar  motion.  I  adopt  as  a  definitive 
result  for  the  mean  parallax  of  the  stars  here  consid- 
ered the  mean  of  the  two  determinations,  -n-^  =  0".0045. 
Kapteyn's  formula  furnishes  for  this  group  of  stars 
,r„  =  0".O042  ±  . 

I  am  inclined  to  regard  the  adopted  value  of  7r,„  as  a  fair 
approximation  to  the  mean  parallax  of  stars  having  the 
same  average  brightness  as  those  under  consideration,  but 
the  number  10.5  adopted  as  representing  the  mean  magni- 
tude of  these  stars  must  be  considered  as  subject  to  revision, 
since  it  is  derived  solely  from  the  casual  estimates  of  bright- 
ness made  by  the  double-star  observers  above  named.  As 
a  basis  for  this  revision  Mr.  J.  A.  Parkhurst  has  undertaken 
to  determine  at  the  Yerkes  Observatory  the  j^hotometric 
brightness  of  these  stars,  but  this  data  is  still  far  from 
being  available,  and  provisionally  I  am  constrained  to  as- 
sume that  the  average  of  these  ocular  estimates  of  bright- 
ness made  by  eight  different  astronomers,  does  not  differ 
widely  from  the  photometric  standard,  and  that  the  aver- 
age magnitude  of  the  stars  is  fairly  represented  on  the 
photometric  scale  by  the  number  10.5. 

Associating  this  number  with  the  value  of  7r„.  above  de- 
rived, I  proceed  to  inquire  their  relation  to  a  concept  of 


the  stellar  system  represented  by  the  following  two  liypothe- 
ses:  A,  That  the  fainter  stars  are  of  equal  intrinsic  bril- 
liancy with  the  brighter  ones:  B,  That  the  illumination 
furnished  by  a  given  star  varies  inversely  as  the  square  of 
the  star's  distance.  From  these  hypotheses  and  the  as- 
sumed value  of  the  light  ratio,  p  =  (lOO/'*,  it  follows 
immediately  that  a  diminution  of  five  magnitudes  in  bright- 
ness corresponds  to  a  ten-fold  increase  of  distance.  Kap- 
TEYX  has  determined  as  one  of  the  chief  results  of  the 
paper  above  cited,  that  the  mean  parallax  of  the  stars  of 
magnitude  5.5  considered  without  distinction  of  spectral 
type,  is  TTjj  =0".0158,  and  from  this  we  find  by  application 
of  the  principle  just  stated  that  the  mean  parallax  of  the 
stars  here  under  investigation  should.be  tt^^,^  =  0".0016,  i.e., 
but  little  more  than  a  third  of  the  observed  value  of  this 
quantity.  This  discordance  will  be  still  further  increased 
if  we  make  the  common  assumption  that  among  the  more 
distant  and  fainter  stars,  spectra  of  the  first  type  are  rela- 
tively more  numerous  than  among  the  brighter  stars. 
After  making  all  due  allowance  for  uncertainty  in  the  data 
employed,  the  discordance  between  the  observed  and  the 
concluded  mean  parallax  appears  too  great  to  be  attributed 
either  to  errors  of  determination  or  to  a  fortuitous  selection 
of  non-representative  stars.  In  the  absence  of  some  such 
explanation  it  seems  necessary  to  modify  at  least  one,  and 
possibly  both  of  the  hypotheses  A  and  B.  The  neces- 
sity for  such  modification  is  indeed  implicitly  recognized 
in  Kapteyk's  formula  for  the  mean  parallax  of  the  stars 
of  a  given  magnitude,  m,  brighter  than  9.0,  contained  in 
the  volume  already  cited, 

,r„  =  0".0158  (0.78)"'-^-' 

This  formula,  although  professedly  an  empirical  one,  and 
devoid  of  theoretical  basis,  is  grossly  inconsistent  with  the 
two  hypotheses  in  question,  but  may  be  reconciled  with 
either  of  them  taken  alone. 

If  the  inconsistencies  here  presented  are  to  be  removed 
by  the  abandonment  of  hypothesis  A,  there  must  be  substi- 
tuted in  place  of  the  statement:  The  fainter  stars  are  of 
equal  intrinsic  luminosity  with  the  brighter  stars,  —  its 
antithesis :  The  intrinsic  luminosity  of  stars  diminishes 
with  their  apparent  brightness  in  such  a  ratio  that  a  star 
of  the  tenth  magnitude  possesses  only  one-tenth  of  the 
luminosity  of  a  star  of  the  fifth  magnitude.  If  such  a 
diminution  of  luminosity  be  admitted  we  must  regard  the 
stellar  system  as  a  cluster,  of  probably  finite  extent,  in 
which  the  central  bodies  are  of  very  considerable  intrinsic 
brightness,  but  with  increasing  distance  from  the  center 
this  brilliancy  diminishes  rapidly,  and  probably  tends 
toward  zero  at  the  limits  of  the  system.  While  this  con- 
cept of  the  stellar  system  is  not  inconsistent  with  the  data 
in  hand,  it  is  certainly  not  established  by  that  data,  since 
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our  defective  theory  may  equally  well  be  brought  into 
harmony  with  the  observed  parallaxes  through  a  modifi- 
cation of  the  alternative  hj'pothesis  //. 

The  ordinary  physical  law  repesented  by  this  hypothesis, 
B,  obtains  with  entire  rigor  onlj-  in  case  of  an  infinite 
transparency  of  the  medium  through  which  the  light  is 
transmitted,  and  there  is  abundant  indication  in  the  known 
presence  of  meteoric  matter,  and  in  the  faint  nebulous 
background  covering  much  of  the  sky,  that  the  conditions 
for  infinite  transparency  are  not  satisfied  in  the  celestial 
spaces.  Even  in  the  absence  of  such  gross  matter  one 
might  well  hesitate  at  postulating  the  existence  of  an 
ethereal  medium  that  should  transmit  energy  in  absolutely 
undiminished  amount  over  a  space  many  millions  of  times 
greater  than  the  radius  of  the  earth's  orbit. 

I  am  aware  that  the  so-called  absorbing  medium  in  space 
has  been  made  the  subject  of  several  investigations  based 
upon  an  enumeration  of  the  stars  of  different  orders  of 
magnitude,  and  that  these  investigations  have  uniformly 
failed  to  establish  its  existence.  It  is  perhaps  not  too 
much  to  affirm  that  they  have  equally  failed  to  demonstrate 
its  absence,  and  that  at  present  the  question  of  such  a 
medium  is  wholly  an  open  one,  beyond  the  probability  of 
solution  by  the  methods  hitherto  employed.  I  have  there- 
fore considered  it  legitimate  to  inquire  what  modification 
of  hypothesis  B  is  required  to  reconcile  the  observed 
parallaxes  with  hypothesis  A,  i.e.,  what  amount  of  absorp- 
tion of  starlight  per  unit  of  distance  traversed  will  bring 
Tr.r,  into  harmony  with  ir^^j,,  and  with  the  observed  mean 
parallaxes  of  stars  of  other  magnitudes. 

Assuming  as  a  rough  approximation  that  the  absorption 
is  of  uniform  amount  in  all  directions,  and  that  it  follows 
the  ordinary  exponential  law,  it  is  evident  that  the  fainter 
stars  must  have  a  preponderant  influence  in  determining 
its  amount,  since  they  are  far  more  largely  influenced  by 
it  than  are  the  brighter  and  nearer  ones.  Numerically,  the 
absorption  is  represented  by  a  constant,  £,  such  that  1— e 
measures  the  amount  of  light  transmitted  through  a  stra- 
tum of  space  equal  in  thickness  to  the  radius  of  the  earth's 
orbit.  Using  all  of  Kapteyn's  data  {Fublkations,  Gron- 
iiKjen,  No.  8,  p.  12)  reduced  to  C.vmi'Bell's  value  of  the 
solar  motion,  and  combining  with  it  my  own  value  of  tt,,,,; , 
I  find  from  a  least-square  solution  that  the  value  of  the 
(x)nstant  is  e  =  8-10~'',  and  corresponding  to  this  value  and 
to  the  assumption  of  uniform  average  luminosity  among 
the  stars  of  different  magnitudes,  I  obtain  the  following 
representation  of  the  observed  data.  The  symbol  c  con- 
tained in  the  last  column  is  the  residual  obtained  by  Kap- 
TKVN  in  Iflie  application  of  his  formula  to  the  more  limited 
data  employed  by  him. 

The  numbers  in  the  last  column  would  have  been  some- 
what smaller  had  Kaptkyn  employed  Cami-bkll's  value  of 
the  sun's  velocity. 


Comparison  of  Observed  and  Computed  Mean 
Parallaxes,  for  £  =  810~*. 
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The  accuracy  with  which  the  data  from  the  second  to 
the  eleventh  or  twelfth  magnitude  is  represented  by  the 
hypothesis  of  an  extremely  minute  extinction  of  light  in 
its  transmission  through  space,  leaves  little  to  be  desired, 
save  perhaps  in  the  case  of  stars  of  the  third  magnitude 
and  brighter.  The  discordance  here  found  agrees  in  sign 
with  the  result  that  should  follow  if,  as  is  supposed  on  other 
grounds,  the  sun  is  a  member  of  a  limited  group  of  stars 
relatively  near  to  it.  On  the  hypothesis  of  such  a  pro- 
gressive absorption  of  light  the  relation  between  parallax, 
IT,  and  magnitude  m  is  of  the  form 


lo-  ,r„.   =   C 


-  + 


where  ra  is  a  known  coefficient,  and  C  and  «  are  constants 
to  be  determined.  Introducing  the  values  of  these  con- 
stants furnished  by  the  preceding  least-square  solution,  I 
obtain  the  following  formula  from  which  the  values  of  the 
computed  tt,  above  given,  were  derived, 

0".00357 


lo" 


S.93-  ^+- 


This  equation,  although  transcendental  in  form,  is  readily 
solved  by  trial,  and  represents  the  provisional  result  of  the 
present  investigation  in  so  far  as  it  relates  to  the  mean  re- 
lation between  stellar  magnitude  and  parallax. 

If  the  parallaxes  be  converted  into  linear  distances,  and 
these  distances  be  plotted  as  ordiuates  with  the  corre- 
sponding stellar  magnitudes  as  abscissae,  it  will  be  found 
that  the  resulting  locus  is  very  nearly  a  straight  line,  and 
corresponding  to  this  we  have  the  somewhat  striking  result 
that  from  the  second  to  the  twelfth  magnitude  the  relation 
between  magnitude  (;«)  and  distance  (rf)  is  very  approxi- 
mately represented  by  the  equation  rf  =  4  (m  — 1).  The 
unit  of  distance  here  employed  is  a  million  times  the  radius 
of  the  earth's  orbit. 

I  have  used  this  relation  to  express  approximately  and 
in  simple  form  the  amount  of  absorption  of  starlight  as- 
signed to  the  several  orders  of  magnitude  by  the  assumed 
value  of  the  constant  «.  Transforming  this  constant  so 
that  it  shall  relate  to  a  unit  a  million  times  greater  than 
that  hitherto  employed,  1  obtain  «'  =  0.077,  and  represent- 
ing by  T  the  amount  of  transmitted  light  expressed  as  a 
fraction  of  the  light  emitted  by  any  star,  we  have 
r  =  il-t'i'-'-i' 
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With  siitfieient  precision  and  greater  convenience  this  re- 
lation may  be  approximately  expressed  in  the  form 

log  7  =  — ^— 

from  which  the  values  of  T  shown  in  the  following  table 
have  been  computed.     The  data  upon  which  the  formula  is 
based  extend  only  to  the  twelfth  inagnitude.  and  beyond 
this  limit  the  assigned  values  are  purely  extrapolations. 
Amount  of  Transmitted  Lkjht  for  e  =  S-IO"*. 
Hi        2        4         6        8         10  12  14  16         IS  20 

T    0.72  0.^7  0.19  0.10  0.052  0.027  0.014  0.007  0.004  0.002 

It  appears  that  despite  the  very  small  value  obtained  for 
the  coefficient  of  absorption,  if  the  existence  of  this  absorp- 
tion be  admitted,  the  distances  of  the  fainter  stars  are  such 
as  to  produce  au  almost  total  extinction  of  their  light. 


In  at  least  one  respect  tlie  above  determination  of  a 
numerical  factor  representing  the  amount  of  the  extinction 
of  the  light  is  open  to  serious  objection.  If  such  absorp- 
tion is  produced  by  gross  matter  in  space  the  absorption, 
at  least  for  the  remoter  stars,  will  not  be  uniform,  but  will 
be  relatively  greater  in  those  regions  where  sparsely  strewn 
matter  is  abundant,  i.e.,  in  tlie  nebulous  regions  remote 
from  the  galaxy.  We  might  well  expect  to  find  stars  of  a 
given  magnitude  that  are  in  high  galactic  latitudes,  appre- 
ciably nearer  to  the  earth  than  are  stars  of  similar  appear- 
ances but  situated  near  the  galaxy  ;  and  this  difference,  if 
one  exists,  should. become  more  pronounced  with  diminish- 
ing brightnes.s  of  the  star.  I  have  sought  to  examine  this 
possibility  somewhat  further  by  tabulating  with  the  galactic 
latitude  as  argument  the  total  centennial  proper  motion  ^ 
of  each  star  in  the  appended  list  of  proper  motions,  and  by 


Table  ok  Observed  Fkoper  Motions  of  Faint  Stars. 


Centennial  u 

Centennial  n 

No. 

Mag. 

Comp.  Star 

R.A. 

Decl. 

Wt. 

No.    Alag. 

Comp.  Star. 

R.A. 

Decl. 

Wt. 

A 

li 

A 

^ 

1 

11.2 

a  Audrom. 

h       Til 

0     3 

29 

+  0*68 

-l"76 

0.26 

35    10.2 

<j  Bootis 

h 

14 

30 

30' 

-1.01 

+  0'02 

0.13 

2 

11.1 

42  Piscium 

0  17 

13 

-1.54 

—  3.55 

.33 

36 

11.7 

" 

14 

30 

30 

+  0.13 

-5.34 

.09 

3 

9.8 

«  Cassiop. 

0  35 

56 

-0.28 

-0.53 

.29 

37 

10.8 

y  Serpentis 

15 

52 

16 

-4.69 

+  0.20 

.13 

4 

10.9 

/i  Cassiop. 

1     1 

54 

-1.84 

+  2.26 

.15 

38 

9.9 

p  Coronae 

15 

57 

34 

+  0.69 

-2.92 

.13 

5 

10.3 

6  h  Persei 

2     7 

51 

-0.35 

-0.33 

.12 

39 

10.3 

49  Serpentis 

16 

9 

14 

—  2.22 

+  0.51 

.10 

6 

9.6 

oCeti 

2  14 

-3 

-0.27 

-0.95 

.14 

40    10.3 

<T  Coronae 

16 

11 

34 

-0.80 

-1.46 

.35 

7 

10.1 

(')  Persei 

2  37 

49 

+  1.70 

-0.20 

.13 

41 

9.8 

■y  Herculis 

16 

17 

19 

-2.12 

-2.48 

.22 

8 

9.3 

41  Arietis 

2  44 

27 

+  2.21 

-0.63 

.13 

42 

12.0 

(0  Herculis 

16 

20 

14 

-2.01 

-0.92 

.05 

9 

11.5 

u 

2  44 

27 

-1.43 

-0.05 

.11 

43 

9.8 

41  Herculis 

16 

40 

6 

+  0.21 

—  2.32 

.08 

10 

11.2 

li 

2  44 

27 

+  0.07 

-1.22 

.10 

44 

11.1 

60  Herculis 

17 

1 

13 

-1.03 

+  0.26 

.09 

11 

9.5 

A'  Tauri 

3  59 

22 

+  0.93 

—  2.24 

.08 

45 

9.6 

72  Herculis 

17 

17 

33 

-0.98 

-2.88 

.16 

12 

12.3 

40  Eridani 

4  11 

-8 

+  3.02 

-2'73 

.12 

46 

11.4 

54  Ophiuchi 

17 

30 

13 

-1.05 

-1.74 

.34 

13 

10.6 

«  Tauri 

4  30 

16 

+  9.03 

-3.94 

.29 

47 

10.6 

t//  Draconis 

17 

45 

72 

+  0.86 

-1.09 

.07 

14 

10.3 

1  Orionis 

4  44 

7 

-0.48 

-0.12 

.13 

48 

10.1 

■f]  Serpentis 

18 

16 

-3 

—2.49 

-0.37 

.23 

15 

9.5 

\  Aurigae 

5  12 

40 

+  0.60 

-0.57 

.23 

49 

10.4 

109  Herculis 

18 

19 

22 

-0.22 

-2.37 

.09 

16 

9.3 

111  Tauri 

5  19 

17 

+  0.39 

+  1.07 

.17 

50 

9.5 

a  Lyrae 

18 

34 

39 

+  0.07 

-0.86 

.42 

17 

9.7 

^^  Aurigae 

5  53 

37 

-0.77 

-1.29 

.17 

51 

9.6 

11  Aquilae 

18 

54 

13 

-1.05 

-1.75 

.29 

18 

10.9 

" 

5  53 

37 

-0.20 

-2.28 

.10 

52 

11.3 

3  Cygni 

19 

21 

25 

-0.50 

-2.00 

.06 

19 

8.9 

56  Aurigae 

6  40 

44 

+  2.95 

-0.69 

.19 

53 

10.4 

2:2532 

19 

25 

3 

+0.53 

-1.19 

.28 

20 

10.2 

15  Lyncis 

6  49 

59 

+  0.96 

+  0.04 

.14 

54 

10.3 

(J  Draconis 

19 

33 

69 

-1.56 

-0.66 

.08 

21 

12.0 

45  Geminor. 

7     3 

16 

-1.88 

-0.61 

.35 

55 

11.5 

a  Cygni 

19 

34 

50 

-1.11 

-1.38 

.08 

22 

9.8 

«Geminor. 

7  28 

32 

-1.15 

-1.19 

.16 

56 

10.2 

a  Aquilae 

19 

46 

9 

+  0.05 

-0.67 

.25 

23 

12.5 

«  Can.  Min. 

7  34 

5 

-1.49 

-2.95 

.17 

57 

11.0 

/SDelphini 

20 

33 

14 

+  0.04 

-1.97 

.33 

24 

10.8 

/3  Geminor. 

7  39 

28 

-0.15 

-0.65 

.27 

58 

11.9 

K  Delphini 

20 

34 

10 

+  1.26 

-1.02 

.25 

25 

11.1 

" 

7  39 

28 

-0.65 

-2.30 

.13 

59 

12.4 

__  e  Cygni 

20 

42 

34 

-1.35 

-0.61- 

.11 

26 

9.6 

B.A.C. 2751 

8     9 

60 

-0.61 

-1.52 

.09 

60 

11.3 

56  Cygni 

20 

46 

44 

+  1.18 

-1.85 

.08 

27 

12.3 

8  Cancri 

8  39 

19 

-2.31 

-5.37 

.03 

61 

10.4 

61  Cygni 

21 

2 

38 

+  2.48 

-0.65 

.16 

28 

10.7 

a  Hydrae 

9     9 

3 

-3.32 

+  2.61 

.12 

62 

10.4 

8  Equulii 

21 

10 

10 

-1.28 

-1.89 

.45 

29 

10.5 

8  Leonis 

11     9 

21 

+  0.04 

-0.66 

.13 

63 

10.9 

(cPegasi 

21 

40 

25 

+  0.57 

+  0.02 

.30 

30 

9.7 

81  Leonis 

11  20 

17 

-0.18 

-1.66 

.20 

64 

9.8 

15  Cephei 

22 

1 

59 

+  6.04 

-2.54 

.06 

31 

11.5 

61  Urs.Maj. 

11  36 

35 

+  2.11 

-0.01 

.13 

65 

11.3 

iPegasi 

22 

2 

25 

+0.14 

-1.84 

.14 

32 

10.9 

j8  Virginis 

11  45 

2 

-0.84 

-2.68 

.13 

66 

10.0 

Arg.  528 

22 

46 

13 

+  8.99 

+  8.43 

.14 

S3 

10.9 

42  Comae 

13     5 

18 

-1.69 

-1.98 

.13 

67 

10.7 

X  Androm. 

23 

33 

46 

+  5.90 

-1.18 

.04 

34 

10.8 

43  Comae 

13     7 

28 

-2.04 

-2.95 

0.18 

68 

8.8 

85Pegasi 

23 

57 

27 

+  0.42 

-0.56 

0.33 

The  numbers  in  the  last  column  of  the  above  table  relate  solely  to  the  determination  of  the  relative  motions  of  bright  and  faint 
stars,  and  do  not  include  the  uncertainty  of  u  arising  from  the  probable  eirors  of  the  assumed  proper  motions  of  the  comparison  stars 
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similarly  tabulating  in  each  case  the  component  of  the  total 
motion,  /x^,  that  is  perpendicular  to  the  sun"s  waj-,  and  is 
therefore  unaffected  by  the  solar  motion.  Grouping  the 
stars,  and  taking  mean  results,  I  obtain  the  folio-wing 
table : 

Relation*  of  Proper  Motion  to  G.4i,actic  Latitude. 
Galactic  X.  P.  D.         **        Mean  m  u  hj  Area 


0-  50 

14 

10.6 

2.64 

1.68 

7400 

50-  So 

18 

10.5 

2  21 

1.11 

9700 

80-100 

15 

10.4 

1.75 

1.05 

7000 

00-130 

18 

10.5 

3.07 

1.70 

9700 

3(1-  . . 

2 

10.4 

2.40 

2.40 

The  last  column  of  the  table  represents,  in  square  de- 
grees, the  areas  of  the  several  zones  within  which  the  stars 
are  grouped. 

Both  the  total  motion  and  its  resolved  component  seem 
to  show  distinct  evidence  of  passing  through  a  minimum  at 
the  galaxy,  and  if  this  relation  shall  hereafter  be  estab- 
lished by  more  abundant  data  its  explanation  will  doubt- 
less be  that  in  the  plane  of  the  galaxy,  stars  of  a  given 
brightness  are  more  remote  than  in  the  direction  perpen- 
dicular to  that  plane.  This  conclusion  tends  to  fortify  the 
supposition  of  an  absorption  by  sparselj-  distributed  gross 

Waslihuni  Obsfrmlory.   1904  March. 


matter,  and  implies  that  the  milky  way  is  a  stratum  in 
which  a  closer  grouping  of  the  stars  is  accompanied  by  a 
relative  paucity  of  interspersed  matter. 

It  must  be  conceded  that  the  conclusions  above  drawn 
from  the  proper  motions  of  only  68  stars  rest  upon  an  all 
too  slender  basis,  but  the  manner  in  which  the  stars  were 
selected  seems  to  free  them  in  unusual  degree  from  the 
imputation  of  a  biased  choice  that  might  render  them  not 
I  fairly  typical  of  the  great  body  of  stars  of  similar  bright- 
I  ness.     I  cannot  at  present  comprehend  why  apparent  prox- 
imity to  a  bright  star  of  considerable  proper  motion  should 
impair  the  representative  character  of  a  faint  star,  or  tend 
to  assign  to  it  a  proper  motion  systematically  different 
from  that  of  other  stars  of  similar  brightness.      In  the 
I  absence  of  such  a  prejudicial  effect  the  chief  objection  to 
.   the  inferences  above  drawn  must  rest  upon  the  legitimacy 
'   of  applying  the  doctrine  of  chances  to  so  small  a  body  of 
I   data.     The  approximate  determination  of  the  sun's  way, 
given  by  the  proper  motions  of  these  stars,  may  furnish 
some  measure  of  the  extent  to  which  the  application  is  justi- 
fied in  the  present  case ;  I  hope,  however,  to  obtain  in  the 
not  distant  future  a  more  radical  test  of  the  conclusions 
above  presented,  through  the  discussion  of  a  second  series 
of  similar  observations  of  other  stars  now  in  progress. 


OBSERVATIONS   OF  MINOR   I'LAXETS, 

MADE    WITH   THE    12-lNCH    EQUATORIAL   AT   THE    U.S.   NAVAL   OBSERVATORY, 

Bv  .1.  C.  UAMMOXI). 
[Communicated  by  Rear-Admiral  C.  M.  Chester,  U.S.N.,  Superintendent.] 


1903  Washington  M.T. 

* 

Comp. 

Ja 

j8 

App.a      Api>. 

)    1     loe 

;>A 

(324)  Bamberga. 

Aug.  7 

12  50 

s 

31 

1 

25  ,  5 

+  2" 

17.13 

-   i  13!2 

22  26  53.29 

-12  1 

59'.3  ;  H8.840 

0.832 

13  8 

45 

2 

25,5 

+  2 

11.59 

-  1  7.7 

22  26  52.65 

-12  1 

51.3  1  h8.508 

0.833 

9 

11  IS 

I 

3 

30,6 

+  1 

56.95 

-  0  4.5 

22  25  22.63 

-11  50 

54.6  H9.360 

0.820 

11 

11  31 

1 

4 

30  ,  6 

-1 

15.99 

+  2  9.4 

22  23  42.25 

-11  39 

28.1  H9.274 

0.823 

11 

11  57 

40 

5 

30,  6 

+  2 

5.13 

+  3  32.1 

22  23  40.95 

-11  39 

20.5  H9.136 

0.827 

21 

10  42 

58 

6 

30  ,  6 

-1 

14.90 

+  0  24.2 

22  14  6.32 

-10  42 

6.4  n9.268 

O.SIS 

oo 

10  51 

47 

7 

30.6 

+  2 

37.88 

-  0  57.3 

22  13  3.08 

-10  36 

10.0  H9.202 

0.819 

24 

10  7 

34 

8 

30  ,  6 

+  1 

1.87 

+  5  46.4 

22  10  58.11 

-10  24 

32.5  «9.34S 

0.812 

(15)  Eunom'ta. 

Aug.  21 

10  7 

48 

9 

30  ,  6 

-0 

13.06 

-   9  56.3 

21  54  52.91 

+  0  18 

2.4  1  H9.325  1  0.738 

22 

10  3 

23 

10 

30,6 

+  1 

36.41 

+  4  55.S 

21  53  53.89 

+  0  18 

36.5  n9.323  '  0.738 

23 

9  46 

41 

11 

30,6 

+0 

43.60 

+  10  5.1 

21  52  55.00 

+  0  18 

56.5  '  h9.364  I  0.738 

23 

10  14 

6 

9 

30  ,6 

0 

JO  22 

-  9  5.3 

21  52  53.76 

+  0  IS 

53.6  1  M9.260  1  0.737 

24 

9  33 

53 

10 

30,6 

-0 

2L25 

+  5  29.5 

21  51  56.24 

+  0  19 

10.4  «9.3SS  0.73S 

Sept.  2 

9  59 

57 

12 

30,6 

+  2 

39.07 

+  0  56.1 

21  43  15.65 

+  0  15 

22.4  »i9.066 

0.738 

'2 

10  22 

39 

13 

30  ,  G 

0 

23.70 

-  3  -7.0 

21  43  14.67 

+  0  15 

20.1  1  /iS.857 

0.738 

3 

11  4 

40 

14 

30  .  6 

+  1 

20.43 

-  3  44.6 

21  42  18.72 

+  0  14 

21.4  !  8.333 

0.738 

4 

11   0 

15 

12 

30  ,  6 

+  0 

48.44 

-  1  9.9 

21  41  25.02 

+  0  13 

16.5   S..349 

0.7.3S 

Red.  to 

App.  PI. 

+  3^27  +23.5 

+  3.27 

+  23.5 

+  3.31 

+  23.6 

+  3.33  +23.6  1 

+  3.34 

+  23.6 

+  .S.46 

+  24.1 

+  3.47 

+  24.1 

+3.49 

+  24.1 

+3.47 

+  23.8 

+  3.47 

+  23.8 

+  3.48  +23.9  1 

+  3.48 

+  24.0 

+  3.48 

+  24.0 

+  3.49 

+  24.8 

+  3.50 

+  24.8 

+  3.50 

+  24.8 

+  .v49 

+  24.9  1 
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1903  Washington  M.T.j 

* 

Comp. 

Ja 

M 

App.  a 

App.  0                    log  ;>A          j  Ked.  to  App.  PI. 

(110)  Li/dia. 

Sept. in  n' 

27     8 

15 

29  ,  6 

_o' 

'  3*94 

+ 

4' 55*4    2l"59"54.'24 

<>•> 

27 

54.9 

8.968  1  0.884 

+  3.60  +22.6 

11  1(1 

17  27 

16 

30,  6 

+  2 

21.85 

+ 

4  32.0    21  59  13.62 

—  22 

29 

11.9 

»i8.674  1  0.886 

+  3.60  +22.4 

12     9 

10  26 

16 

30,6 

+  1 

42.13 

+ 

3  25.2    21  58  33.90 

—  22 

30 

18.7 

w9.251  !  0.877 

+  3.60  +22.4 

20     '.1 

19  54 

17 

30  ,  6 

+  1 

38.12 

+  10  20.3  1  21  53  44.94 

_<50 

32 

51.7    «S.920    0.885 

+  3.56  +21.6 

(56)  Me/efc. 

1 

Sept.  2  10 

59     0 

18 

30  ,  6 

+  1 

24.99 

+ 

1  18.3  1  22  21  50.09 

-   0 

28 

26.8 

«8.882    0.745     +3.52  +24.7 

3  10 

28  48 

18 

30  ,  6 

+  0 

44.67 

_ 

8  18.7  :  22  21     9.77 

-  0 

38 

3.7 

«9.100    0.746  1  +3.52  +24.8 

4  10 

22  23 

19 

30,6 

-1 

47.13 

_ 

0     0.3    22  20  29.28 

-   0 

47 

51.6 

719.112    0.747     +3.52  4  24.8 

10  It>  36     2 

20 

35  ,  8 

-0 

1.53 

+ 

4  32.9    22   16  40.79 

-   1 

47 

36.1 

H8.692  !  0.756     +3.52  +25.2 

11     9 

24  21 

21 

30,6 

+1 

49.36 

- 

4     1.2    22  16     7.71 

-   1 

57 

1.2 

n9.252  1  0.757     +3.52  +25.1 

(192)  ^'aus^kau. 

1 

Sept.  3  11 

33  19 

22 

30  ,6 

+1 

19.03 

_ 

1  38.8 

23  16  36.33 

-  4 

28 

3.4 

«9.036 

0.778     +3.48  +24.1 

4  11 

26  31 

22 

30  ,  6 

+  0 

23.19 

_ 

0  13.7 

23  15  40.50 

-   4 

26 

38.2 

?(9.050 

0.778     +3.49  +24.2 

10  12 

0  48 

23 

30  ,  6 

+1 

8.95 

+ 

1  23.2 

23     9  51.69 

-  4 

18 

44.0 

8.154 

0.778     +3.53  +24.4 

11  10 

47  13 

23 

30,6 

+  0 

13.32 

+ 

2  34.8 

23     8  56.07 

-   4 

17 

32.4 

»9.087 

0.776     +3.54  +24.4 

12     9 

51     0 

24 

30,6 

+  0 

43.60 

+  11     9.7 

23     7  59.78 

-  4 

16 

19.9 

«9.337 

0.773     +3.54  +24.5 

(306)    Unit  as. 

Sept.  11  11 

47  3C 

25 

30,  6 

+  2 

18.75 

+ 

5  57.3 

23     7  39.07 

-11 

53 

58.1 

6.022 

0.832  ,  +3.52  +24.3 

12  10 

43  42 

25 

30,6 

+  1 

34.15 

_ 

2  57.9 

23     6  54.47 

-12 

2 

53.3 

H9.078 

0.830  '  +3.52  +24.3 

13     9 

37  51 

26 

30  ,  6 

+  2 

50.24 

_ 

4  37.7 

23     6  10.13 

-12 

11 

38.6 

tt9.371 

0.821  !  +3.52  +24.3 

14     9 

10  15 

27 

30  ,  6 

+  3 

1.72 

_ 

0  58.5 

23     5  25.01 

-12 

20 

27.4 

«9.439 

0.817  j  +3.53  +24.3 

15     8 

33     8 

28 

30,  6 

+  0 

2.76 

+ 

4  55.6 

23     4  40.72 

-12 

29 

1.9 

M9.513 

0.808  1  +3.53  +24.3 

(27)   Euterpe. 

Sept.l2  11 

32  16 

29 

30  ,  6 

+  1 

31.98 

_ 

4     4.3    23  36     7.56 

—   5 

32 

50.7  ;  ?t8.900  •  0.787  1  +3.52  +24.0 

13  10 

22  26 

30 

30  ,  6 

+  2 

33.60 

_ 

0  38.1    23  35  14.15 

—   5 

38 

54.3 

n9.308    0.784     +3.52  +24.1  | 

14  10 

1  46 

30 

30,6 

+  1 

38.04 

_ 

6  54.5    23  34  18.60 

—   5 

45 

10.7 

7i9.364 

0.783     +3.53  +24.1 

15     9 

10     6 

31 

30,6 

-1 

4.01 

+ 

8     9.2    23  33  23.95 

—  5 

51 

16.3 

7i9.488 

0.777     +3.53  +24.1 

18  10 

1  54 

32 

30  ,6 

-0 

21.43 

- 

0  11.6  1  23  30  30.77 

-   6 

10 

22.8 

719.293 

0.788  1  +3.55  +24.3 

(67)  Asia. 

Sept.13  11 

43  46 

33 

30  ,  6 

2 

56.52 

— 

6  36.0  1  23  38  50.49 

+  3 

55 

23.0 

7i8.733  1  0.701 

+  3.60  +23.6 

15     9 

53  53 

34 

30,  6 

+  0 

3.99 

— 

1  51.1    23  37  19.92 

+   3 

37 

46.9 

7J9.385 

0.709 

+  3.61  +23.9 

15  10 

14  22 

35 

30  ,  6 

+  2 

31.11 

_ 

0  33.3    23  37  19.17 

+   3 

37 

38.5 

7i9.316 

0.708 

+  3.61  +24.0 

18  11 

0  42 

36 

30,6 

+  1 

23.18 

_ 

3  27.6  j  23  34  56.01 

+   3 

9 

15.7 

7i8.967 

0.709 

+  3.61  +24.3 

18  11 

18  27 

37 

30  ,  6 

+  0 

11.43 

+ 

5  31.1     23  34  55.20 

+  ;; 

9 

9.3 

7J8.760  i  0.709 

+  3.61  +24.3 

(196)  Philomela. 

Sept.l4  11 

42  57 

38 

30,6 

+  0 

25.64 

_ 

7  18.6    23  50  57.42 

-12 

36 

34.4 

718.866 

0.835 

+3.47  +23.8 

15  11 

0  38 

39 

25  ,  5 

+  2 

21.54 

_ 

7  58.3  1  23  50  13.41 

-12 

40 

57.0 

7i9.171 

0.832 

+  3.48  +23.9 

19  11 

32     9 

40 

20  ,4 

-3 

56.17 

+ 

3     1.6    23  47     9.50 

-12 

58 

10.3 

718.680 

0.838 

+  3.50  +23.7 

24  11 

32  46 

41 

40,8 

+  1 

44.11 

+ 

0     3.3    23  43  21.67 

-13 

17 

11.4  i    7.173 

0.840 

+  3.53  +23.5 

24  11 

45  12 

42 

30,6 

—  2 

37.88 

+ 

4     1.0    23  43  21..30 

-13 

17 

14.8      8.432  1  0.840  '  +3.52  +23.5 

(51)  Nemausa. 

Sept.15  11 

45  44 

43 

20  ,  10 

+  0 

17.57 

+ 

5  16.7 

23  56  32.78 

-   0 

31 

10.8 

7*8.842  j  0.745 

+  3.56  +23.4 

18  12 

5     4 

44 

30,  6 

-0 

13.21 

+ 

1     3.6 

23  54     3.18 

-   1 

0 

54.9 

7J7.396  !  0.750 

+  3.58  +23.6 

19  12 

11  30 

45 

30,  6 

+0 

56.23 

+ 

0     6.6 

23  53  12.81 

-   1 

10 

49.5 

8.299    0.751 

+  3.58  +23.7 

19  12 

27  26 

46 

30,6 

-1 

3.08 



3  58.4 

23  53  12.14 

-   1 

10 

56.9 

8.714    0.751 

+  3.58  +23.7 

21   10 

34  18 

47 

29,  6 

+0 

2.78 

- 

2     3.4 

23  51  35.93 

-   1 

30 

0.4 

H9.184  '  0.753 

+  3.59  +23.8 

(63)  Ausonia. 

Sept.20  11 

0     9 

48 

30  ,  6 

-0 

50.11 

+ 

1  48.3 

0  16  18.19 

+   6 

15 

46.1    H9.200 

0.678     +3.66  +22.5 

20  11 

17  47 

49 

30,6 

+  0 

25.62 

+ 

3  14.1 

0  16  17.49 

+  6 

15 

43.7  1  »9.096 

0.676  1  +3.66  +22.5 

21  10 

54  46 

49 

25,  6 

-0 

33.24 

_ 

0  10.6 

0  15  18.64 

+   6 

12 

19.1    n9.203 

0.679  i  +3.67  +22.6 

21   11 

39     9 

50 

30,6 

+  2 

27.44 

_ 

9  44.4 

0  15  16.74 

+   6 

12 

11.9    n8.864 

0.675  j  +3.67  +22.7 

25  11 

39  51 

51 

30,6 

+  2 

30.22 

— 

5  17.5 

0  11  15.47 

+   5 

57 

33.9    n8.510 

0.677  !  +3.69  +23.2 

N»-  ooS 
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Sept.l9  10  28  40 

20  10  4  10 

■  21  10  0  31 

25  10  22  0 

25  10  51  36 


Nov.  15  9  40  58 

19  11  1  44 

20  10  9  20 
22  9  11  0 
25  10  54  52 
25  10  54  52 


Nov.  6  9  48  33 
8  9  37  18 
10  10  22  29 
12  10  19  87 
14  9  47  5 
14  10  4  54 


Nov.  10  11  7  53 

14  10  49  50 

14  11  12  13 

15  10  26  18 
19  11  37  17 


Nov.  22  10  22  41 
25  11  39  54 
27  9  40  42 
30  8  59  24 
30  9  16  50 


Nov.  30  10  5  27 

Dec.  3  10  33  53 

3  10  32  59 

5  11  27  54 

5  11  45  21 


Nov.  20  11  40  33 
20  11  58  21 
22  11  31  32 
26  10  45  56 

Dec.  7  11  6  5 

7  11  23  58 

11  10  44  4 


Nov.  26  11  46  20 

27  11  7  22 

Dec.  6  11  4  16 

7  9  51  12 

7  10  16  36 

11  9  .•!7  7 

11  9  54  10 


52 

30,8 

52 

24  ,8 

53 

25,  5 

54 

30,6 

55 

30,6 

56 

30,6 

57 

20  ,4 

58 

30  ,6 

58 

30,  6 

59 

30,6 

60 

30,6 

76 


79 


66 
67 
68 
69 

70  I 


87 

35,7 

88 

30,  6 

89 

29,6 

90 

28  ,  5 

91 

30  ,  6 

92 

30,6 

93 

30  ,  6 

+  0  17.72 
-0  42.52 
-4  9.09 
+3  9.98 
+  2  41.50 


-0  51.74 
+  3  38.92 
+  2  11.29 
+  1  14.69 
+  0  10.59 
+0  9.83 


7  I  -0  42.;56 

6  j  -0  46.11 

+  1  31.15 

-0  30.66 

+  1  7.38 

+  1  2.07 


+  0 
+  2 
+  1 
+  0 


6.47 
1.75 
>6.18 
3.93 


■  1  21.99 


+  0  42.91 
+0  36.74 
+  2  30.22 
+0  10.27 
-1  17.79 


-0  26.63 

+0  5.06 

-0  25.59 

+  0  25.11 

-1  23.94 


-0  4.83 
-0  37.81 
+  1  28.75 
+  0  25.88 
+  1  30.98 
+  0  59.40 
+  1  47.42 


-0  56.86 
+  1  54.34 
-0  25.55 
+  1  32.04 
+  1  32.89 
4  0  26.13 
-0  54.59 


(89)  Julia. 


2  41.5 

2  14.1 

0  40.9 

5  52.5 

2  31.4 


0  31  36.49  i 

0  30  36.26  ! 

0  29  34.70 

0  25  15.56! 

0  25  14.07 


+  30  20  43.0    M9.459 


+  30  25  38.8 

+30  30  15.6 

+  30  44  37.6 

+  30  44  41.5 


M9.512 
M9.509 
«9.384 
719.252 


0.264 
0.301 
0.296 
0.205 
0.154 


(80)   Sappho. 


1 

39.7 

5 

33.7 

7 

56.3 

9 

11.2 

1 

27.9 

1 

20.2 

2  15  51.07    +11  50  53.5 

2  13  26.61    +11   11  30.2 

2  12  56.26    +11     2  43.9 

2  11  59.66  1  +10  45  36.3 

2  10  44.37  I  +10  20  53.2 

2  10  44.52    +10  20  53.7 


(23)  Thalia. 


+  3 


52.6 
5.5 
39.4 
21.1 
43.9 


1  54.2 


2  26  54.57 
2  24  50.32 
2  22  44.65 
2  20  42.85 
2  18  44.68 
2  18  44.05 


+  5  58  20.9 

+  5  57  5.4 

+  5  56  18.7 

+  5  56  0.4 

+  5  56  9.7 

+  5  56  12.0 


n9.279  I  0.683 


(28)  Bellona. 
+  10  18.9  I  3  6  4.28 


+  0  47.7 

-  7  17.8 

+  5  42.6 

+  6  30.1 


3  2  36.92 

3  2  36.04 

3  1  46.00, 

2  58  19.10  ! 


('64)  Anrielina. 


-  3  12.4 
-10  55.3 
+   7  29.1 

-  4  14.0 
+   0  53.2 


53  41.62 
51  2.09 
49  26.63 
47  6.68 
47     6.04 


+  27  25.3 

+  1   51  45.9 

+  1   51  39.7 

+  1  48  16.2 

+  1  35  45.7 


+  18  47  31.3 

+  18  34  51.2 

+  18  27  9.0 

+  18  15  25.8 

+  18  15  20.0 


w9.285 
?i8.941 
H8.872 
«9.072 
n8.920 


tt8.917 
«8.906 
«S.556 
n9.068 
8.791 


H8.758 
9.128 
«8.977 
«9.176 
«9.060 


(14)  Irene. 
+  3  11.2  I    4  29     5.39 
+   1  34.8      4  25  52.55 


17.8 
37.6 


4  25 
4  23 


2.61 
>.33 


+  17 
+  17 
+  17 

+  17 


10.2  I  «9.338 
19.2  I  n9.126 
19.2  :  H9.131 
56.9  !  »7.130 


-   4  19.9      4  23  41.76    +17     6  54.5      8.546    0.511 


0.683 
0.679 
0.678 
0.680 
0.679 


0.720 
0.722 
0.722 
0.723 
0.725 


0.479 
0.493 
0.490 
0.502 
0.496 


0.540 
0.521 
0.522 
0.510 


(53)   Kalypso. 


-  0  22.6 

-  0  15.7 

-  3  27.6 

-  6  20.3 

-  2     0.1 
+  4  51.0 


5  6  51.20 
5  6  50.58 
5  5  20.79 
5  2  5.90 
4  51  59.72 
4  51  59.17 


+  13  48 
+  13  47 
+  13  44 
+  13  37  22.6 
+  13  26  30.1 
+  13  26  31.4 


2.1 

58.3 

8.7 


H9.257 
Ji9.165 
h9.255 
«  9.360 
H8.942 
«8.709 


-  3  30.9      4  48  13.37    +13  25  56.6    n8.967 


2  26.0 

6  16.8 

0  33.2 

2  24.7 

3  45.0 
3  27.7 
6  26.4 


0.583 
0.578 
0.584 
0.595 
0.578 
0.576 
0.578 


W9.074 

0.604 

8.911 

0.611 

7*8.200 

0.611 

7i9.062 

0.619 

9.078 

0.625 

9.078 

0.625  1 

+4.17  +19.0 
+  4.18  +19.2 
+  4.20  +19.2 
+  4.22  +20.9 
+  4.23  +20.9 


+  4.19  +15.5 
+  4.16  +15.9 
+  4.16  +15.8 
+4.16  +15.7 
+  4.14  +15.6 
+  4.14  +15.6 


+4.03  +14.2 
+4.03  +14.3 
+  4.04  +14.7 
+4.05  +14.7 
+4.04  +14.8 
+  4.04  +14.8 


+  4.00  +10.7 
+4.02  +10.8 
+  4.02  +10.8 
+  4.02  +10.6 
+4.04  +10.4 


+4.52  +12.4 
+  4.52  +12.8 
+4.50  +13.2 
+  4.50  +13.1 
+  4.50  +13.0 


+  4.64  + 
+  4.68  + 
+  4.68  + 
+  4.70  + 
+4.70  + 


+  4.36 
+  4.35 
+  4.40 
+  4.46 
+  4.61 
+  4.60 
+  4.65 


2.2 

2!o 

1.4 
1.4 
1.0 


impel  la. 

5  9  55.77 

+  27  38  55.5 

M9.152 

0.258 

+  4.95  - 

4.3 

5  8  50.86 

+  27  3:{  4.4 

n9.330 

0.298 

+4.98  - 

3.7 

4  58  28.50 

+  26  34  33.8 

H9.086 

0.287 

+  5.08  - 

2.4 

4  57  22.82 

+  26  27  58.8 

«9.418 

0.362 

+  5.09  - 

2.0 

4  57  21.63 

+  26  27  52.1 

«  9.325 

0.331 

+  5.09  - 

2.0 

4  52  50.48 

+  25  59  51.3 

H9.396 

0.366 

+  5.11  - 

1.3 

4  52  49.71 

+  25  59  50.2 

«9.333 

0.346 

+  5.12  - 

1.5 
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(81)   Terpsichore. 

Dec.  l(i  13  10  24 

94 

',>5  ,  7 

+  0 

3.29 

+ 

6     9.2 

4  42  16.78    +35 

33 

56.6      9.471 

0.034     +5.62  +   0.7   | 

17  11   51  40 

95 

30  ,  6 

+  2 

9.52 

_ 

2  17.2 

4  41  20.75    +35 

31 

45.9      9.110 

9.776     +5.63  +   1.2 

22     !)     8     5 

90 

29  ,  6 

-1 

48.07 

- 

8  17.0 

4  36  49.16    +35 

18 

27.7    «9.317 

9.906     +5.(15  +   1.8 

(5)     Astraea. 

Dec.  13     9  28  36 

97 

30,6 

+  0 

33.78 

+ 

0     9.1  I    5  11  55.22,  +14 

33 

8.3    «9.424    0.591     +4.70  -  3.9 

14     9  14  54 

97 

30  ,  6 

-0 

26.94 

+ 

0  20.6  '    5  10  54.52  1  +14 

33 

19.7    «9.448    0.595     +4.72  -   4.0 

22  10  13  13 

98 

29,  6 

2 

38.86 

_ 

9  23.7      5     2  53.49    +14 

38 

35.9    H8.990    0.559     +4.79  -   3.7 

23  10  23  28 

99 

30,6 

+  2 

40.56 

_ 

3  40.7       5     1  55.94    +14 

39 

40.3    7J8.825    0.556     +4.78  -  2.9 

2S  ^8  40  59 

100 

30  ,  6 

-0 

7.10 

+ 

9  17.9  1    4  57  30.08    +14 
(114)   Juissundrii. 

46 

52.0    n9.343    0.576     +4.79  -   3.0 

Dec.  15     9  18  54 

101 

30  .  6 

-1 

17.(>8 

_ 

3  15.5 

5  20  28.09    +15 

7 

7.6 

n9.453  I  0.588 

+  4.74  -   5.3 

17  10  51     3 

102 

30  ,  6 

+  1 

42.60 

+ 

7. 10.0 

5  18  25.00    +15 

3 

9.2 

M8.965 

0.552 

+  4.76  -   4.8 

22  11   49  25 

103 

30,6 

-1 

35.38 

_ 

2  40.6 

5  13  32.95    +14 

54 

53.9 

8.894 

0.553 

+  4.80  -   4.8 

2.S     9  44     4 

98 

30,6 

+  2 

44.21 

+ 

0     9.9 

5     8  16.58  !  +14 

48 

9.3 

«9.078 

0.559 

+  4.81  -  3.9 

(119)  Althaea. 

Dec.  13  10     5  40 

103 

30  ,  fi 

-1 

8.51 

+ 

2  21.2      5  13  59.74    +14 

59 

56.2  1  «9.308    0.569 

+  4.72  -   4.3 

15  10  18     6 

104 

30  ,6 

+  2 

19.11 

+ 

1   10.7 

5  12     0.80    +14 

58 

11.9 

w9.206    0.562 

+  4.74  -   3.9 

K)  12  19  32 

104 

29,6 

+  1 

15.05 

+ 

0  21.4 

5  10  56.75    +14 

Ol 

22.5 

8.986    0.554 

+  4.75  -   4.0 

22  11     1  32 

98 

29,6 

-0 

18.13 

+ 

6  37.2 

5     5  14.22    +14 

54 

36.8 

« 7.513    0.550 

+  4.79  -   3.7 

23  11  15  18 

105 

29  ,  6 

+  1 

3.06 

- 

4  12.5 

5     4  18.09    +14 

54 

25.6 !    8.547    0.551 

+  4.79  -   3.4 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

s 

Authority 

* 

a 

8 

Authority 

1 

22  24  32.89 

-12°    1 

9.6 

Camb.,  U.S.,  A.G.Zones 

33 

h       D 

23  41 

43.41 

+  4°    1 

35.4  ;  Albany,  A.G.  8155 

2 

22  24  37.79 

-12     1 

7.1 

<;               U              a               H 

34 

23  37 

12.32 

+   3  39 

14.1         "           "     8142 

3 

22  23  22.37 

-11  51 

13.7 

u            a           <;            « 

35 

23  34 

44.45 

+   3  37 

47.8         "           "     8131 

4 

22  24  54.91 

-11  42 

1.1 

«             li            «             a 

36 

23  33 

29.22 

+   3  12 

19.0         •'           "     8127 

5 

22  21  32.48 

-11  43 

16.2 

Ead.  1890,  6026 

37 

23  34 

40.16 

+  33 

13.9         "           "     8130 

6 

22  15  17.76 

-10  42 

54.7 

Camb.,  U.S.,  A.G.Zoues 

38 

23  50 

28.31 

-12  29 

39.6    Camb.,  U.S.,  A.G.Zones 

7 

22  10  21.73 

-10  35 

36.8 

a             a            ii             a 

39 

23  47 

48.39 

-12  33 

22.6        '■         "         •'         " 

8 

22     9  52.75 

-10  30 

43.0 

u               (.              <i               (i 

40 

23  51 

2.17 

-13     1 

35.6 

9 

21  55     2.50 

+   0  27 

34.9 

Nicolajew,  A.G.  5546 

41 

23  41 

34.03 

-13  17 

38.2 

10 

21  52  14.01 

+  0  13 

16.9 

"              ':     5536 

42 

23  45 

55.66 

-13  21 

39.3,      " 

11 

21  52     7.92 

+   08 

27.5 

'■     5534 

43 

23  56 

11.65 

-  0  36 

50.9    Nicolajew,  A.G.  5936 

12 

21  40  33.09 

+  0  14 

1.5 

"     5506 

44 

23  54 

12.81 

-   1     2 

22.1            "             "     5926 

13 

21  45  34.87 

+  0  18 

2.3 

"             "     5518 

45 

23  52 

13.00 

-   1   11 

19.S           ■'             "     5923 

14 

21  40  54.79 

+   0  17 

41.2 

SMMuiiic*  I.5MS1  + 
;  Munich  II.  113611) 

46 

23  54 

11.64 

-   1     7 

22.2  1         •'             "     5925 

15 

22     1  54  58 

-22  33 

12.9 

Algiers,  A.G.  Zones 

47 

23  51 

29.56 

-   1  28 

20.8           "             '■     5918 

16 

21  56  48.17 

-22  34 

6.3 

a         '      «             <( 

48 

0  17 

4.64 

+  6  13 

35.3    Leipzig  II.  A.G.     97 

17 

21  52     3.26 

-22  43 

33.6 

Cordoba  Vol.  8,  1584 

49 

0  15 

48.21 

+  6  12 

7.1           "      "       "        91 

18 

22  20  21.58 

-  0  30 

9.8 

Nicolajew,  A.G.  5641 

50 

0  12 

45.63 

+  6  21 

33.6           "      ••       "        72 

19 

22  22  12.89 

-  0  48 

16.1 

"     5647 

51 

0     8 

41.56 

+   62 

28.2           "      "       «        43 

20 

22  16  38.80 

-   1  52 

34.2 

Newcomb's  Fund.  Catal. 

52 

0  31 

14.60 

+  30  23 

.■;  .-;      SJiCitnb..  Edb..  A.G.  S50+ 
"'••'      J  LeiJen.  A.G.  191) 

21 

22  14  14.83 

-   1  53 

25.1 

Nicolajew.  A.G.  5619 

53 

0  33 

39.59 

+  30  29 

1  ^  .-;      S  4  (Cainb..  Eng..  A.G.  S;2  + 
^^••^   1    J  Iciden.  A.G.  ao) 

22 

23  15  13.82 

-  4  26 

48.7 

Ead.  1890,  6239 

54 

0  22 

1.36 

+  30  38 

24.2    Leiden,  A.G.        130 

23 

23     8  39.21 

-   4  20 

31.6 

Strassburg,  A.G.  Zones 

55 

0  22 

28.34 

+  30  46 

52.0    Leiden,  A.G.        135 

24 

23     7  12.64 

-  4  27 

54.1 

u                  u               u 

56 

2  16 

38.62 

+  11  48 

58.3    Leipzig  I,  A.G.    685 

25 

23     5  16.80 

-12     0 

19.7 

Camb.  ,U.S.,  A.G.  Zones 

57 

2     9 

43.53 

+  11  16 

48.0         "         "     "       660 

26 

23     3  16.37 

-12     7 

25.2 

a            ^.           a            a 

58 

2  10 

40.81 

+  10  54 

31.8         "         "     "       668 

27 

23     2  19.76 

-12  19 

53.2 

u            a            '.'             11 

59 

2  10 

29.64 

+  10  19 

9.7         "         "     "       665 

28 

23     4  34.43 

-12  34 

21.8 

a            ti           a            a 

60 

2  10 

30.55 

+  10  19 

17.9 ,        "         "     "       666 

29 

23  34  32.06 

-  5  29 

10.4 

Strassburg,  A.G.  Zones 

61 

2  27 

32.90 

+  5  54 

14.1  i  Leipzig  II,  A.G.  944 

30 

23  32  37.03 

-   5  38 

40.3 

Wien,  A.G.  Zones 

62 

2  25 

32.40 

+  5  49 

45.6 

"     "       935 

31 

23  34  24.43 

-  5  59 

49.6 

a            a            it 

63 

2  21 

9.46 

+  5  51 

24.6 

"     "       908 

32 

23  30  48  65 

-  6  10 

35.5 

•' 

64 

2  17 

33.26 

+  5  54 

11.0 

u     u       884 
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* 

a 

8 

Authority 

* 

a 

8 

Anthority 

65 

1 
o 

17" 

37.94 

+  5  54 

3.0    Leipzig  II,  A.G 

.  885 

86 

h 

4 

46 

21.3Q 

+  13  29 

28.5 

Leipzig  I,  A.G.   1397 

66 

3 

5 

53.81 

+   1  56 

55.7    Albany.  A.G. 

914 

87 

5 

10 

47.68 

+  27  36 

33.8 

Camb.,Eng.,A.G.2388 

67 

;■! 

() 

31.15 

+   1  50 

47.4 

879 

88 

5 

6 

51.54 

+  27  39 

24.9 

"     2350 

OS 

3 

1 

5.84 

+   1  58 

46.7 

881 

89 

4 

58 

48.97 

+  26  35 

9.4 

«         «        "     2284 

69 

3 

1 

38.05 

+   1  42 

23.0 

889 

90 

4 

55 

45.69 

+  26  30 

25.5 

a            u          a      2265 

70 

2 

59 

37.05 

+   1  29 

5.2 

871 

91 

4 

55 

43.65 

+  26  31 

39.1  '     ''         "        "     2264      1 

71 

0 

52 

54.19 

+  18  50 

31.3    Berlin  A,  A.G. 

796 

92 

4 

52 

19.24 

+  25  56 

24.9 

a             a           .(      2242 

72 

o 

50 

20.83 

+  18  45 

33.7          "      '^      " 

786 

93 

4 

53 

39.18 

+26     6 

17.1 

i.     2249 

73 

Q 

46 

51.91 

+  18  19 

26.7 

(;          11          a 

772 

94 

4 

42 

7.87 

+  35  27 

46.7 

Lund,  A.G.          2369 

74 

0 

48 

19.33 

+  18  14 

13.8 

u         u         a 

778 

95 

4 

39 

5.60 

+  35  34 

1.9 

2352 

75 

4 

29 

27.38 

+  16  59 

57.7 

<(           it           u 

1227 

96 

4 

38 

31.58 

+  35  26 

42.9 

2345 

76 

4 

25 

42.81 

+  17     3 

42.8 

(I         a         u 

1205 

97 

5 

11 

16.74 

+  14  33 

3.1 

Leipzig  I,  A.G.  1578 

77 

4 

26 

13.52 

+  16  59 

59.9 

U          .i          .1 

1207 

98 

5 

5 

27.56 

+  14  48 

3.3 

"     "      1541 

78 

4 

23 

12.52 

+  17     4 

17.5 

«         a         a 

1191 

99 

4 

59 

10.60 

+  14  43 

29.9 

"     "      1483 

79 

4 

25 

1.00 

+  17  11 

12.8 

u         «         a 

1201 

100 

4 

57 

32.39 

+  14  37 

37.1 

a      a        1476 

80 

5 

6 

51.67 

+  13  48 

27.1 

Leipzig  I,  A.G. 

1550 

101 

5 

21 

41.03 

+  15  10 

28.4 

jLelpzlB  1.  A.G.  16871 
U(BcrUn.i,.\.G.  14S6  + 

M>>ipzi2l.  .V.G.  1600) 

SMIifrlm  A,  A.i..  iu«-t- 

JLelpziKl.  A.G.  15711 
i  1  ( lierUn  .\.  A.G.  I4M  + 
J  Leipzig  I,  A.G.  IMl) 

81 

5 

7 

24.04 

+  13  48 

16.5 

a           a      a 

1555 

102 

5 

16 

37.64 

+  14  56 

4.0 

82 

5 

3 

47.64 

+  13  47 

38.5 

a           't      a 

1528 

103 

5 

15 

3.53 

+  14  57 

39.3 

83 

5 

1 

35.56 

+  13  43 

44.9 

a           .i      a 

1511 

104 

5 

9 

36.95 

+  14  57 

5.1 

84 

4 

50 

24.13 

+  13  28 

31.6 

a          a       a 

1423 

105 

5 

3 

10.24 

+  14  58 

41.5 

85 

4 

50 

55.17 

+  13  21 

41.8 

a           a      a 

1426 

The  star  places  from  the  Strassburg,  Cambridge  (U.S.)  and  Algiers  Zones  were  furnished  through  the  covulesy  of  the  Directors  of 
the  observatories  at  those  places. 

Planets  (15),  (27),  (07),  (51),  (63),  (S9),  (80),  (23),  (81),  (5),  (114)  and  (119)  were  found  photographically  by  Mr.  G.  H.  Peteks. 


OBSERVATIONS   OF   BROOKS'S   COMET  (1889  Y)  =  r7  1003. 

MADE    WITH   THE    26-lSCn    KQVATOIilAI,    AT   THE    U.S.  NAVAI,   OBSKKVATOltY. 


By  C. 

W.  FREDERICK.     [Communi 

:ate 

i  by  Rea 

r-Admlral  C.  M. 

Chester,  U.S.N.,  Superintendent.] 

iyu:j-4  w 

isli.  -M.T. 

* 

Comp. 

Ja 

App.  a 

App.  8 

log  /.A 

Ked.  to  App.  PI. 

Aug.  20 

h         Mi        s 

11  37  39 

1 

i!27,6 

-f  22!66 

~ 

A  55A 

2l"    i"  27^31  i 

-27°    4  26^5 

8.820 

0.903 

-•-3!73 

+  21.2 

21 

11  20  21 

2 

t23,5 

+  1  55.95 

+ 

2  .38.7 

21     0  43.51 

-27     4  13.0 

8.577 

0.903 

+  3.74 

+  20.9 

Sept.  13 

10  21   33 

3 

t23,5 

+  1  22.49 

_ 

8  25.3 

20  50     5.85 

-26     4  37.9 

9.114 

0.895 

+  3.59 

+  18.8 

14 

10     1  40 

3 

<30,6 

+  1  16.68 

_ 

3  42.1 

20  50     0.04 

-25  59  54.7 

8.980 

0.897 

+  3.59 

+  18.8 

15 

9  47  29 

3 

t28,6 

+  1  12.70 

+ 

1  18.5 

20  49  56.05 

-25  54  54.2 

8.864 

0.898 

+  3.58 

+  18.7 

25 

9  42  36 

4 

<30,6 

-1     5.15 

_ 

0  16.0 

20  51  11.12 

-24  56  15.8 

9.158 

0.890 

+  3.44 

+  18.3 

Oct.   12 

8  23  58 

5 

<30,6 

-1   15.51 

_ 

2  19.9 

21     1     8.17 

-22  45  31.1 

8.982 

0.885 

+  3.18 

+  18.2 

13 

8     0     6 

5 

d  9,8 

-0  24.18 

+ 

6  17.6 

21      1  59.48 

-22  36  53.7 

8.710 

0.886 

+  3.16 

+  18.1 

19 

7  38  55 

6 

d  8,8 

+  0  11.65 

_ 

1   16.8 

21     7  45.96 

-21  42     1.3 

8.640 

0.883 

+3.07 

+  18.1 

Nov.    8 

6  51  43 

7 

<39,8 

-1  58.72 

_ 

LO     4.4 

21  33  15.18 

-18  12     7.4 

8.743 

0.866 

+  2.82 

+  18.7 

9 

6  32  16 

7 

d  8,8 

-0  30.86 

+ 

1  15.4 

21  34  43.03 

-18     0  47.6 

8.294 

0.866 

+  2.81 

+  18.7 

9 

7  13  35 

8 

<39,8 

-1     6..55 

_ 

1  21.3 

21  34  45.63 

-18     0  24.9 

9.024 

0.863 

+  2.81 

+  18.7 

18 

7  16  43 

9 

<26,6 

+  1  26.61 

+ 

2  50.1 

21  48  49.41 

-16  12  31.1 

9.186 

0.851 

+  2.71 

+  18.8 

19 

6  43  12 

10 

dlO,W 

+  0     4.66 

— 

2  29.6 

21  50  25.28 

-16     0  19.3 

8.949 

0.854 

+  2.70 

+  19.0 

19 

7  14  12 

11 

t33,7 

-1     7.02 

+ 

4  15.5 

21  50  27.37 

-16     0     1.8 

9.185 

0.850 

+  2.71 

+  18.8 

20 

6  44  29 

12 

<34,7 

+  2  18.10 

_ 

5  10.7 

21   52     4.04 

-15  47  48.4 

8.992 

0.852 

+  2.69 

+  18.9 

Dec.     6 

6  24  31 

13 

«!10,10 

-0  28.29 

+ 

7  21.4 

22  19  56.03 

-12  16  21.9 

9.103 

0.831 

+  2.62 

+ 19.1 

7 

6  36  15 

14 

t30 , 6 

-2  49.14 

_ 

1  36.0 

22  21  46.38 

-12     2  26.5 

9.186 

0.828 

+  2.63 

+  19.1 

11 

6  42  45 

15 

rflO,10 

+  0  32.48 

_ 

5  17.8 

22  29     8.79 

-11     6  12.5 

9.258 

0.S20 

+  2.60 

+  19.1 

13 

6  12  48 

16 

«29 , 6 

-1     3.23 

— 

1  56.0 

22  32  50.32 

-10  38     5.2 

9.120 

0.821 

+  2.60 

+  19.0 

15 

6  33  21 

17 

t30 , 6 

+  2  12.41 

_ 

4     1.4 

22  36  36.96 

-10     9  11.7 

9.252 

0.815 

+  2.58 

+  19.1 

17 

6  27  46 

18 

<29,6 

+  2  2(!.51 

_ 

0  54.7 

22  40  23.57 

-   9  40  16.8    9.245 

0.812 

+  2.58 

+  19.1 

22 

6  27  27 

19 

rfl2,12 

+  0     8.74 

+ 

4  20.1 

22  49  56.60 

-  8  26  55.8 

9.286 

0.803 

+  2.58 

+  19.0 

Jan.     5 

6  45     5 

20 

d\2,12 

-0  25.60 

_ 

3     2.7 

23  17  21.79 

-   4  55  31.9 

9.432 

0.775 

-0.50 

-   1.1 

14 

6  51  44 

22 

d\2 , 10 

+  0     5.53 

+ 

2  57.1 

23  35  21.39 

-   2  36  30.7 

9.486 

0.758 

-0.47 

-   1.8 

15 

6  43     9 

23 

C10,3 

+  2     2.55 

— 

4     2.0 

23  37  22.08 

-   2  21   16.9 

9.472 

0.756 

-0.47 

-   1.7 

18 

6  59  22 

24 

^32,6 

+  3     5.17 

_ 

3  47.7 

23  43  26.19 

-   1  34  22.7 

9.517 

0.750 

-0.47 

-   1.8 

19 

6  47  19 

25 

!!26 , 6 

+  2     9.94 

_ 

0  25.8 

23  45  26.51 

-   1   18  56.1 

9.497 

0.749 

-0.46 

-  2.0 

19 

7   IS     6 

26 

?30.6 

-2  17.97 

+ 

1  57.4 

23  45  29.10 

-   1    IS  37.5 

9.551 

0.748 

-0.44 

o  o 

Feb.     3 

7     5  50 

27 

t25,6 

+  0  51.51 

+ 

4     8.6 

0  16     5.01 

+   2  34     7.6 

9.575 

0.726 

-0.41 

-   3.2 

4 

7     1  30 

28 

C30,8 

-1  29.25 

_ 

0  54.4 

0  18     S.23 

+   2  49  35.8 

9.572 

0.724 

-0.40 

-   3.3 

6 

7   15     2 

29 

^22 , 6 

+  0  56..34 

+ 

2  53.3  '    0  22  16.44 

+   3  20  27.9 

9.593 

0.723 

-0.40 

-  3.4 

S 

7  23  58 

30 

^24, 6 

+  1  44.55 

+ 

0  21.5 

0  26  24.74 

+   3  51   17.7 

9.607     0.722 

-0.40 

-  3.6 

11 

7   14   18 

31 

i  <38 , 5 

—  0  29.88 

+ 

1     8.4 

0  32  35.54 

+   4  37     4.5 

9.604     0.717 

-0.38 

-  3.8 

15 

7  30  16 

32 

\d  4,4 

11  i::  s;r. 

+ 

-f     1  .-^ 

0    ((»  54. It; 

4-  .-.  :;7  .17  s 

<>i  ;■_>(■.     i>717 

—  (I.'IS 

-   4.0 

54 


THE     ASTRONOMICAL     JOURNAL. 


N"-  558 


Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

s 

Authority 

* 

a. 

s 

Authority 

1 

ii     III    » 
•21     2  4(;.24 

-26 

59 

52.3 

C.G.C. 28982 

17 

1 
22 

34 

21*97 

-10 

5 

29.4 

Camb.,  U.S.,  A.G.  Zones 

2 

20  58  43.82 

-27 

7 

12.6 

C.G.C.  28872 

18 

'>'} 

37 

54.48 

-  9 

39 

41.2 

1  \  Ciimbrlclw.  r.S.  A.G.  Zonej 

.s 

20  48  .'{o.:: 

—  25 

56 

31.4 

G.G.C.  28662 

19 

22 

49 

45.24 

-   8 

31 

34.9 

Wien,  A.G.  Zones 

4 

20  52  12.83 

-24 

56 

18.1 

C.G.C.  28724 

20 

23 

17 

47.89  1 

-   4 

52 

28.1 

Strassburg,  A.G.  Zones 

5 

21     2  20.50 

<)'> 

43 

29.4 

C.G.C. 28969 

21 

23 

34 

27.74 

<> 

41 

11.1 

Strassburg,  A.G.  Zones 

(i 

21     7  .31.24 

-21 

41 

16.S 

Algiers,  A.G.  Zones 

O'J 

23 

35 

19.33 

_   2 

39 

26.0 

Mic.  Comj).  witli  *21 

7 

21  35  11.08 

-IS 

o 

21.7 

Algiers,  A.G.  Zones 

o;> 

23 

35 

20.00 

o 

17 

13.2 

Strassburg.  A.G.  Zones 

8 

21  35  40.37 

-17 

59 

22.3 

Algiers,  A.G.  Zones 

24 

23 

40 

21.49 

-    1 

30 

33.2 

Xicolajew,  A.G.  5887 

9 

21-47  20.09 

-16 

15 

40.0 

Washington,  A.G. Zones 

25 

23 

43 

1 7.03 

-   1 

18 

28.3 

Nicolajew.  A.G.  5895 

10 

21   50  17.92 

-15 

58 

8.7 

Washington,  A.G.Zones 

26 

23 

47 

47.51 

-    1 

20 

32.7 

Xicolajew.  A.G.  5902 

11 

21  51  31.68 

-16 

4 

36.1 

Washington,  A.G.Zones 

27 

0 

15 

13.91  1 

+   2 

30 

2  o 

Albanj-,  A.G.  55 

12 

21  49  43.25 

-15 

42 

56.6 

Washington,  A.G.Zones 

28 

0 

19 

37.88  1 

+  2 

50 

33.5 

Albany.  A.G.  72 

13 

22  20  21.70 

-12 

24 

2.4 

Camb.,  U.S.,  AG. Zones 

29 

0 

21 

20.50 

+  3 

17 

38.0 

Albany,  A.G.  70 

14 

22  24  32.89 

-12 

1 

9.6 

Camb.,  U.S.,  A.G.Zones 

30 

0 

24 

40.59 

+  3 

50 

59.8 

Albany,  A.G.  87 

15 

22  28  33.71 

-11 

1 

13.8 

Camb.,  U.S.,  A.G.Zones 

31 

0 

33 

5.80 

+  4 

35 

59.9 

Albany,  A.G.  135 

16 

22  33  50.95 

-10 

36 

28.2 

Camb.,  U.S.,  A.G.Zones 

32 

0 

41 

8.39 

+   5 

33 

50.0 

Leipzig  II,  A.G.  253 

Tlie  first  two  observations  are  reprinted  from  A.J.  547.  The  star 
places  from  the  Strassburg,  Cambridge  (U.S.).  and  Algiers,  .-V.G. 
Zones,  were  furnished  through  the  courtesy  of  the  Directors  of  tlie 
observatories  at  those  places. 

Kemauks  :  —  Alt;/.  20.  Comet  difficult  ;  21.  very  ditlicuU,  jjoor  ob- 
servation. —  Sept.  15,  Difficult  ;  25,  very  difficult,  poor  observation. 
—  Oct.  19,  Well  seen,  good  observation.  —  ^Vov.  8,  Rather  difficult, 
comet  appeared  double,  possibly  a  faint  star  in  the  neighborhood  ; 
IS,  very  poor  observation  :  19,  first  observation  good,  second  not  so 
good.  —  Dee.  6,  Comet  brightest  of  entire  season,  almost  an  easy  ob- 
ject, nucleus  visible  at  times,  but  observation  rather  poor  on  account 


of  difficulty  with  the  illumination  :  13,  fairly  well  seen,  good  obser- 
vation :  15,  ilidicult,  but  good  observation  ;  17,  very  difticult  ;  22,  very 
difficult,  moonlight,  jioor  observation,  comet  observed  by  turning 
illumination  off  and  on.  — Jan.  5,  Comet  invisible  half  the  time,  but 
came  out  very  brightly  at  intervals,  fairly  good  observation  ;  14,  diffi- 
cult, poor  observation  ;  15.  very  difficult,  observation  almost  worth- 
less ;  IS,  19,  Difficult.  —  Feb.  3,  Very  difficult,  poor  observation  ; 
6,  8,  very  poor  observations  :  11,  observation  fairly  good,  a  very 
transparent  sky.  The  comet  appeared  surprisingly  bright  for  so  low 
an  altitude.  It  was  still  discernible  when  five  hours  down,  being 
then  only  fifteen  degrees  above  the  horizon.  Fib.  15,  Very  difficult. 
.Attempts  to  observe  the  comet  on  Feb.  16  and  17  proved  failures. 


THE  XEBULAR  HYPOTHESIS  OF  LAPLACE. 


Probably  this  hypothesis  has  given  Laplace  more  popu- 
lar fame  than  all  his  great  labors  and  discoveries  in  celestial 
mechanics.  Laplace  is  rich  in  scientific  works,  and  we 
ought  to  be  fair  to  him  in  regard  to  this  hypothesis.     In 


publishing  it  he  says  :  "  I  present  this  hypothesis  with  the 
distrust  which  everything  ought  to  inspire  that  is  7iot  the 
result  of  obserrdt ion  and  calculation." 

1904  March  S.  A.  Hai.i.. 


THE   MISSING   STAR  DM. +19^2773, 

Bv  F.  KUSTNER. 


The  star  DM.  +  19''2773,  noted  as  missing  by  Mr.  Daxiel 
in  A.J.  555,  has  already  been  earlier  so  noted  by  Sakarik, 
as  also  its  neighbor  + 19°2764 ;  compare  A.JV.  2874.  Schon- 
feld  has  examined  the  original  records  of  the  Durchmus- 
terung,  and  found  everything  clear  and  correct,  as  is  also 
communicated  in  A.X.  2874.      By  a  new  revision  of  the 


originals  I  find  the  data  of  Schoxfeld  confirmed,  and  have 
only  to  add  that  also  in  zone  386,  1854  March  5,  Krijgek 
covered  the  place  centrally,  and  that  both  stars  are  want- 
ing in  it.  The  place  was  difficult  of  observation,  since 
Arcturus  was  in  the  field  of  view  of  the  comet-seeker. 


CORRIGENDA. 

No.  5.57,  p.  41.     In  dates  of  Sunspot  table.  May  26  and  June  24,  for  12''  put  0"  ;  for  June  5  ll""  jmt  4  23i' 
Author  not  responsible.  


for  Dec.  21  ll"  i>iit  20  23\ 


COXTEXTS. 
Pbovisional  Results  of  an  Ex.^.minatiox  of  the  Pkopek  Motions  of  Certai.v  Faint  .St.vrs,  uy  George  C.  Comstock. 
Observations  of  Minor  Planets,  by  J.  C.  Hammond. 
Observations  of  Brooks's  Comet  (1889  V)  =  d  1903,  by  C.  W.  Frederick. 
The  Nebul.\ij  Hypothesis  of  Laplace,  by  A.  Hall. 
The  Missing  Star  DM.  +19°2773,  bt  F.  Kijstner. 
Corrigenda. 
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OBSERVATIONS   OF  THE  SATELLITES  OF   SATURJS''  IN  1903, 

MADE    WITH   THE   26-lNCU    EQUATORIAL   AT  THE    U.  S.    NAVAL   OBSERVATORT, 

By  C.  W.  FREDERICK. 
[Communicated  by  Rear-Admiral  C.  SI.  Chestei:,  U.S.X.,  Superintendent.] 


An  unusual  amount  of  cloudy  weather  during  the  months 
of  June  and  August  reduced  the  number  of  observations 
that  could  be  made.  A  magnifying  power  of  four  hundred 
diameters  was  used  ordinarily,  though  for  the  faint  satel- 
lites a  power  of  two  hundred  diameters  was  sometimes 
used.  A  bright  wire  illumination  was  employed  alto- 
gether, as  there  is  no  provision  for  a  light  field  with  the 
26-inch  equatorial. 

Position  angles  were  always  taken  about  the  inner 
satellite  of  each  pair.  They  were  measured  with  the 
longitudinal  wire.  In  making  the  separate  settings  the 
micrometer  was  moved  alternately  forward  and  backward 
in  position  angle  when  bringing  the  wire  up  to  coincidence 
with  the  pair.  Ordinarily  eight  settings  were  made,  half 
before  and  half  after  the  measurements  in  distance.  Also 
eight  measurements  of  distance  were  made,  usually  four  on 
each  side  of  coincidence.  The  micrometer  was  always 
used  head  upward  in  order  that  the  spring  inside  the  box 
might  act  with  gravity.  Then,  when  making  measure- 
ments the  fixed  wire  was  always  moved  upv-ard  to  coinci- 
dence with  its  object,  and  the  movable  wire  alternately 
upward  and  doivnward. 

The  times  were  taken  from  a  clock  in  the  dome,  which 
is  automatically  set  to  Washington  Mean  Time  every  day 
at  noon.  The  time  of  each  measurement  was  noted  to  the 
nearest  five  seconds,  so  the  mean  time  of  an  observation 
should  be  correct  within  about  two  seconds. 

The  micrometer  equivalent  adopted  for  the  reductions 
was  9".9316— 0".0000o(<°— oO"/".).  This  was  derived  from 
the  determinations  made  by  Prof.  T.  J.  J.  See,  Pnbluations 
of  the  U.S.  Naval  Observatory,  Second  Series,  Vol.  Ill, 
page  A,  VI. 

The  measurements  were  corrected  for  refraction.  Tables 
of  differential  refraction  were  computed  for  eighteen,  and 
twenty  degrees  south  declination.  The  first  table  was 
used  up  to  July  10,  the  second  from  this  date  on  to  the 
end  of  the  season.  Interpolations  were  sometimes  made 
between  the  two  tables.     The  effect  of  temperature   was 


allowed  for  by  diminishing  a  given  correction  one  per  cent 
for  each  5°  F.,  above  50°  F..  the  temperature  for  which  the 
tables  were  computed. 

The  orientation  of  the  micrometer  was  made  the  subject 
of  careful  study.  The  variation  of  the  parallel  produced 
by  the  instrumental  constants  was  computed  bj'  the  formula 
given  in  A.J.  552,  page  224,  eq.  (7).  This  formula  gives 
the  deviation,  A,  from  a  parallel,  /),,  determined  by  the 
trail  of  an  equatorial  star  near  the  meridian  when  the  tele- 
scope is  east  of  the  pier.  The  values  of  X  were  computed 
for  nineteen  degrees  south,  and  every  thirty  minutes  in 
hour-angle.  Position  angles  were  then  corrected  by  the 
formula, 

p  =  2>'  +  \—  p„ 

in  which  p'  is  the  observed,  and  p  the  corrected  position 
angle.  The  value  of  p„  was  adopted  from  a  consideration 
of  all  the  parallel  determinations  made  through  the  entire 
season.  The  micrometer  was  not  removed  or  disturbed  in 
any  way,  except  on  June  30,  when  the  box  was  removed 
by  unfastening  one  of  the  guides.  It  was  replaced  with- 
out greatly  disturbing  the  orientation.  Parallel  determi- 
nations were  usuallj'  made  by  trailing  Titan  on  the 
longitudinal  wire  (the  wire  used  in  measuring  position 
angles).     For  their  reduction  we  have 

/),=/),  +  \  +  Jr  +  Jh  -  90' 

in  which  />,  is  the  observed  parallel,  Jr  is  a  correction  for 
refraction,  and  Jh  is  a  correction  for  the  motion  of  Saturn. 
The  following  results  were  obtained. 


Dates 

May  9  to  June  3 
June  20  to  June  29 
June  30  to  Sept.  22 
Sept.  22  to  Oct.    14 


Xo. 
Deterin. 

S 

5 

24 


+  o!l92 
+  0.212 
+0.201 
+  0.177 


Mean       Adopt. Index 
of  Resid.       Cor.  ( — ;>,( 

±0.008  ) 
±  0.009 


±0.007  \ 
±  0.004 


+  0.20 
+  0.1S 


In  measuring  position  angles  only  one  vernier  was  read, 
therefore  it  was  necessary  to  apply  a  correction  for  eccen- 
tricity.    The  maximum  value  of  this  correction  was  0°.01. 

(55) 
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In  the  last  column  of  the  printed  results  is  given  the  used,  b  =  bad  seeing,  p  =  poor,  /  =  fair,  y  =  good, 
state  of  the  seeing  as  to  its  probable  effect  on  the  accuracy  e  =  excellent.  Other  remarks  are  indicated  by  a  number, 
of   the  measurements.     The  following   abbreviations   are   |   referring  to  notes  printed  at  the  end  of  the  observations. 


No. 


Date      IWash.  M.T. 


Rem 


Date 


Tethys-Rhea. 


1 

o 

1908 

May  8 
10 

3 

13 

4 

21 

5 
6 

June  2 
3 

7 

15 

8 

18  1 

9 

20 

10 

21 

11 

29 

12 

30 

13 

14 

July  2 
6 

15 

7 

16 

9 

17 

15 

18 

IS 

19 

21 

20 

22 

21 

23 

22 

24 

23 

27 

24 

28 

25 

30 

2G 

Aug.  5  ! 

h   It 

16  18 

43' 

95.20 

16  19 

18 

287.45 

16  2 

00 

154.13 

15  15 

8 

77.13 

15  36 

25 

313.53 

14  45 

33 

353.16 

15  23 

45 

2S5.14 

13  50 

25 

136.79 

14  44 

32 

279.13 

12  54 

43 

65.00 

13  10 

2 

273.68 

12  24 

6 

344.34 

15  35 

18 

143.65 

14  32 

59 

101.91 

13  27 

14 

254.04 

13  32 

30 

312.83 

11  58 

12 

107.24 

12  7 

27 

70.64 

10  52 

26 

278.08 

11  55 

46 

282.61 

10  59 

23 

69.58 

11  30 

53 

125.90 

10  58 

22 

55.75 

12  26 

15 

91.75 

11  43 

56 

272.23 

10  48 

3 

335.74 

16  17  42 
16  19  18 
16  2  20 
15  14  35 
15  36  21 

14  45  20 

15  23  41 

13  50  23 

14  44  57 

12  54  39 

13  10     0 

12  23  25 

15  35  32 

14  32  53 

13  27  12 
13  33  16 

11  57  54 

12  7     9 

10  52  22 

11  55  20 

10  59  15 

11  30  51 

10  58  12 

12  26  11 

11  43  38 
10  48     0 


43.07 

.n 

27 

1903 

Aug.  9 

84.79 

pi 

28 

11 

38.71 

<l 

29 

17 

30.23 

f 

30 

18  1 

37.73 

't 

31 

20  j 

13.95 

V 

32 

21  I 

74.80 

P 

33 

o<> 

46.50 

f 

34 

23 

105.55 

g 

35 

24 

60.07 

V 

36 

Sept.  2 

45.14 

f 

37 

3 

39.39 

<i 

38 

4 

14.69 

h 

39 

10 

90.10 

P 

40 

11 

79.57 

V 

41 

12 

34.76 

e 

42 

13 

29.57 

V 

43 

14 

26.38 

h 

44 

15 

71.14 

f 

45 

20 

63.67 

h 

46 

21 

73.90 

h 

47 

25 

51.08 

f 

48 

26 

48.26 

b 

49 

29 

35.13 

q 

50 

30 

114.78 

n 

51 

Oct.  7 

47.75 

h 

52 

14 

10  33 

10  11 

10  37 

10     2 

9  55 

9  33 

10  22 

10  30 

9  52 

8  28 

8  15 

8  30 

8  20 

8     8 

7  51 

7  47 

7  21 

7  48 

7  36 

7  38 

8  57 
7  31 
7  35 
7  31 
6  54 
6  31 


49 

312.62 

42 

95.85 

20 

228.30 

38 

289.59 

46 

93.43 

43 

160.54 

18 

285.38 

40 

334.60 

26 

7G.74 

26 

71.67 

3 

109.21 

8 

267.08 

52 

320.92 

8 

97.72 

8 

100.60 

38 

243.33 

5 

300.19 

20 

162.89 

38 

88.39 

34 

141.27 

40 

85.61 

51 

105.35 

53 

69.27 

26 

128.70 

34 

1.28 

38 

154.08 

(1)  Comparisons  10,  10.     (2)  ilagnifyiug  power  200.     (3)  Clouds  interrupt.     (4)  Comparisons  8,  9. 


1 

0 

1903 

May  9 
10 

3 

13 

4 

June  2 

5 

3 

6 

18 

7 

20 

8 

21 

9 

29 

10 

30 

11 
12 

July  6 

7 

13 

8 

14 

9 

15 

15 

16 

18 

17 

21 

18 

23 

16  10 

15  51 

16  21 
15  18 
14  33 
14     7 

13  19 

14  0 
12  56 

12  38 
14  50 

13  41 

14  50 
14  36 
11  45 
11  57 
11  3 
10  30 


(1)  Comparisons  10,  10.     (2)  Power  200. 


23 

102.18 

53 

271.24 

4 

256.24 

28 

31.88 

36 

130.97 

47 

270.04 

16 

231.74 

40 

355.17 

32 

259.37 

55 

44.32 

43 

99.13 

14 

268.59 

55 

82.48 

1 

241.52 

56 

272.23 

50 

249.30 

1 

296.32 

16 

126.34 

Tethijs- 

Dione. 

h    r 

1   a 

n 

1903 

16  9 

46 

07.29 

v\ 

19 

July  24 

15  51 

48 

27.19 

^'1 

20 

27 

16  21 

3 

61.19 

r/ 

21 

28 

15  18 

19 

27.36 

f 

•7<) 

30 

14  33 

45 

2.3.79 

V 

23 

Aug.  9 

14  7 

47 

42.22 

f 

24 

17 

13  19 

29 

38.34 

V 

25 

IS 

14  0 

39 

18.79 

V 

26 

20 

12  56 

33 

26.94 

'7 

27 

21 

12  38 

40 

30.02 

f 

28 

22 

14  50 

50 

76.97 

V 

29 

23 

13  41 

8 

90.52 

b 

30 

24 

14  51 

4 

77.30 

f 

31 

Sept.  2 

14  36 

11 

34.54 

h 

32 

3 

11  46 

12 

75.37 

P 

33 

10 

11  58 

5 

40.13 

P 

34 

11 

11  3 

0 

60.73 

(1 

35 

12 

10  31 

21 

9.33 

b 

36 

20 

11  21 

11  44 

12  38 

13  17 
10  44 
10  50 
10  13 
10  40 

9  43 
10  58 
10  45 
10  1 

8  19 


(3)  Comparisons  9,  8  clouds. 
Dione-Bhea. 


1 

2 

1903 

May  28 
June  15 

3 

21 

4 

30 

15  28  43 

270.31 

15  42  10 

282.58 

14  21  14 

87.49 

13  23  14 

301.76 

15  29  8 

115.31 

/ 

I     1903      1 

5  July  6  1 

15  42  24 

24.63 

P 

6 

9 

14  21  21 

64.71 

P 

7 

15 

13  24  0 

32.93 

V 

8 

20 

13  11  48 
15  29  41 
12  18  4 
11     6  47 


121.77 
22.82 
97.34 

170.60 


10  34 

a 

0 

54.70 

10  11 

30 

103.68 

10  38 

7 

29.28 

10  3 

14 

107.35 

9  55 

42 

43.63 

9  33 

50 

43.50 

10  22 

12 

98.72 

10  30 

52 

13.10 

9  52 

14 

74.98 

8  28 

18 

27.34 

8  14 

58 

99.50 

8  30 

24 

95.10 

8  21 

11 

57.65 

8  8 

21 

69.70 

7  51 

17 

58.38 

7  47 

43 

65.90 

7  21 

11 

61.75 

7  48 

14 

15.06 

7  36 

51 

105.98 

7  38 

12 

21.01 

8  57 

35 

57.51 

7  31 

49 

76.62 

7  36 

15 

68.75 

7  31 

28 

58.73 

6  54 

22 

21.95 

6  31 

43 

12.40 

31 

279.24 

20 

66.55 

27 

201.16 

7 

358.02 

18 

292.75 

15 

303.33 

39 

312.89 

2 

285.17 

26 

94.55 

57 

249.84 

18 

271.09 

24 

75.48 

14 

243.40 

8 

334.34 

20 

97.61 

38 

261.82 

51 

64.43 

19 

81.45 

h    n 

11  21 

20 

61.62 

11  42 

42 

46.37 

12  38 

20 

13.83 

13  16 

10 

21.45 

10  44 

9 

42.97 

10  50 

23 

16.78 

10  13 

10 

45.31 

10  40 

26 

88.52 

9  43 

34 

62.70 

10  59 

0 

9.48 

10  46 

28 

40.59 

10  0 

58 

56.35 

8  19 

4 

38.04 

8  5 

0 

10.35 

8  55 

26 

25.97 

8  19 

50 

55.59 

8  23 

40 

53.70 

8  23 

33 

61.69 

13  11  41 

15  29  20 

12  17  48 

11  6  44 


14.44 

43.63 

104.98 

7.58 
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No. 


Date 


July  21 
22 


Aus 


11  13  12 

12  10     5 

23  !  10  45  12 

24  11  40  54 
27    11  59  27 

13  13  2 
13  38  28 
11  8  55 
11  32  27 
10  51  24 


28 
30 
9 
17 
20 


224.50 

283.81 

61.54 

112.03 

18.71 

75.18 

264.83 

7.20 

255.21 

101.38 


11  13  12 

12  10  24 

10  45  18 

11  40  40 
11  58  34 

13  13  44 
13  38  11 
11  8  44 
11  32  21 
10  51  46 


Dione-Rhea.  —  Cont. 


Aua 


22.92 

V 

19 

101.87 

b 

20 

67.63 

b 

21 

109.08 

h 

22 

7.21 

b 

23 

44.60 

f 

24 

116.24 

1'^ 

25 

19.92 

b 

26 

16.52 

<1 

27 

133.60 

V 

28 

1 

22 

23 

Sept.   2 

3 

4 

10 

11 

12 

20 


10  32  0 

238.75 

11  10  21 

290.51 

10  57  44 

72.90 

8  37  14 

68.14 

8  29  19 

113.82 

8  59  28 

263.97 

8  45  36 

309.73 

8  30  9 

91.03 

8  35  20 

165.18 

8  12  28 

100.33  ' 

10  32  10 

65.78 

11  9  34 

87.00 

10  57  25 

35.95 

8  37  22 

67.15 

8  29  33 

105.12 

9  0  3 

109.90 

8  45  11 

74.91 

8  29  37 

123.48 

8  35  5 

35.41 

8  12  15 

47.76 

(1)  Comparisons  9,  8.     (2)  Power  200. 


July 


1908 

June  3 
18 
20 
29 
30 
6 

15 
21 
23 
24 
28 
30 
Aug.  17 
Sept.    2 


h   u 

15  21 

53' 

92.67 

14  29 

28 

81.42 

14  58 

57 

77.98 

13  57 

10 

34.53 

15  23 

2 

124.76 

13  30 

34 

160.57 

13  47 

35 

168.17 

13  10 

5 

116.33 

11  56 

39 

118.06  . 

11  52 

9 

257.18 

11  57 

9 

94.62 

12  16 

22 

100.49 

11  25 

20 

98.93 

10  23 

33 

287.13 

9  49 

50 

116.62  , 

9  6 

40 

299.67 

Enceladus-Tethys. 
Sept. 


h    m   s 

15  22  21 

70.88 

f 

16 

14  29  25 

58.17 

Pl 

17 

15  4  34 

5.48 

P'^ 

18 

13  57  16 

17.49 

61 

19 

15  23  13 

6.20 

,73 

20 

13  39  37 

16.23 

^j4 

21 
22 

13  10  26 

6.58 

pi 

23 

11  56  29 

32.54 

9 

24 

11  52  24 

55.80 

pi 

25 

11  56  58 

50.03 

pi 

26 

12  16  16 

77.48 

9 

27 

11  24  15 

7.90 

f-o 

28 

10  22  10 

72.16 

n 

29 

9  49  42 

39.63 

f 

30 

9  6  56 

9.07 

n 

31 

Oct. 


9 

56  45 

89.13  1 

9 

41  19 

135.68 

9 

2  40 

40.86 

8 

48  35 

262.58 

8 

22  48 

84.90 

7 

49  41 

133.13 

9 

15  28 

63.26 

8 

48  7 

290.77 

7 

50  27 

269.70 

8 

39  34 

107.74  1 

9 

5  50 

325.17  1 

7 

23  58 

117.47 

8 

21  56 

335.81 

7 

6  52 

113.62 

7 

9  9 

336.01 

6 

55  52 

104.34 

b   m   • 

9  58  8 

39.34  1 

9  42  0 

36.82 

9  2  31 

31.61 

8  48  15 

43.52 

8  22  22 

10.22 

7  49  50 

20.80 

9  15  38 

38.57 

8  48  1 

11.02 

7  50  27 

67.57 

8  38  17 

69.45 

9  5  48 

24.18 

7  23  59 

59.18 

8  23  4 

30.22 

7  6  34 

30.34 

7  8  16 

28.24 

6  55  16 

34.35 

(1)  Enceladuit  very  difficult.  (2)  Comparisons  4,  4:  clouds  stop  observation.  (3)  Disk  of  Saturn  obliterated  by  pasting  a  strip  of 
black  paper  to  the  metal  rim  in  front  of  the  eyepiece.  (4)  Comparisons  4,  8,  4.  (5)  Comparisons  10.  S  ;  power  20O.  (6)  Power  200. 
(7)  Difficult:  power  200;  cannot  see  Enr.eladus  with  higher  power.  (8)  Comparisons  8,  9.  (9)  All  other  measures  on  this  date  were 
thrown  away. 

Mimas-  Tethys. 


1  July  28    11  31  30 

2  I  28    11  51  55 


96.81 
97.62 


11  31 
11  51 


72.24 
72.17 


Sept.  14 


9  29  28 


235.25      9  31  34 


7.05 


?3 


It  was  intended  to  combine  Mimas  with  liliea  and  Dione  in  addition  to  Tethys,  but  the  weather  conditions  prevented  a  series  being 
obtained.     (1)  if  imas  very  difficult  ;  power  400.     (2)  Difficult;  power  200.     (3)  Difficult;  power  170. 


Tethi/s- Titan. 


1  1  May  13 

2  20 
June  2 

3 

21 

29 

30 

July  6 


30 
Aug.  9 
11 
17 
18 


U  36" 

45 

306.71 

15  46 

24 

111.88 

15  55 

31 

91.27 

14  57 

47 

102.63 

14  43 

45 

111.60 

13  24 

14 

297.69  , 

14  4 

55 

325.05 

14  8 

9 

103.49 

14  6 

41 

13.3.51 

14  14 

56 

234.00 

13  12 

33 

279.93  , 

11  35 

32 

296.18 

12  19 

34 

81.00 

11  26 

28 

95.89 

11  35 

0 

112.58 

12  12 

13 

173.31 

11  11 

44 

259.57 

13  24 

4 

273.52 

12  4 

29 

286.79 

10  55 

48 

135.77 

10  24 

25 

244.22 

11  2 

30 

19.22 

9  50 

16 

5.52 

16  36  16 
15  45  39 
15  55  27 
14  57  46 
14  43  35 

13  24  13 

14  4  44 
14  8  24 
14  7  9 
14  14  40 
13  12  37 

11  35  35 

12  19  13 
11  26  40 

11  34  47 

12  11  40 

11  11  27 

13  24  20 

12  4  14 
10  56  31 

10  24  35 

11  2  30 
9  50  6 


73'39 

7I 

24 

163.33 

62 

25 

210.43 

f 

26 

147.17 

b 

27 

160.25 

P 

2S 

89.78 

f 

29 

91.48 

1 

30 

192.40 

P 

31 

95.45 

b 

32 

92.05 

b3 

33 

226.40 

b 

34 

161.36 

f 

35 

126.34 

b 

.■{6 

189.47 

1 

*{~ 

137.21 

P 

38  1 

73.23 

'/ 

39 

110.90 

b 

40 

226.60 

f 

41 

204.72 

./•4 

42 

76.54 

P 

43 

79.91 

b 

44 

54.81 

P 

45 

i  65.60 

f 

1903 

Aug.  20 
21 
22 
23 
24 


Sept. 


Oct. 


3 
4 

10 
11 
12 
13 
14 
15 
20 
21 
25 
26 
29 
30 
7 
14 


10  6  57 
9  53  13 
9  58  47 

10  7  15 
9  43  24 
8  48  7 

8  51  58 

9  10  15 
8  9  43 
8  46  42 
8  0  41 
7  59  0 
7  30  37 
7  27  4 
7  26  10 

7  18  31 

8  39  9 
7  7  29 
6  53  53 
6  52  57 
6  31  47 
S  2  23 


78.45 

98.05 

97.26 

114.78 

118.07 

315.26 

64.39 

58.95 

160.54 

211.70 

255.10 

259.29 

276.80 

276.32 

79.60 

81.12 

127.67 

150.49 

269.15 

268.09 

88.19 

259.25 


10  7  18 
9  52  50 
9  58  40 

10  7  32 
9  43  20 
8  48  11 

8  52  10 

9  10  42 
8  9  36 
8  46  49 
8  0  42 
7  58  57 
7  31  1 
7  28  38 
7  26  24 
7  18  26 
S  39  8 


135.40 

b 

213.45 

b 

164.90 

f 

173.16 

f 

106.58 

f 

95.07 

f 

105.14 

1 

87.87 

f 

53.40 

f 

85.89 

n 

102.37 

p 

168.17 

9 

159.45 

9 

200.05 

p 

160.67 

f 

118.24 

p 

81.51 

9 

94.05 

f 

149.40 

1 

181.01 

p 

198.53 

f 

115.76 

f 

(1)  Daylight.    (2)  Comparisons  7,  8.     (3)  Seeing  suddenly  become  b»d.     (4)  Power  200. 
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No. 


Wash.  M.T. 


Rem. 


Rhea-Titan. 


1003 

May  10 
19 
28 

June    2 

3 

15 

21 

29 

July  6 
^  7 
9 
15 
20 
21 
23 
24 
27 
30 

Aug.  7 
9 
11 
17 
18 
20 


h   1 

16  35 

6 

276.29 

15  32 

13 

103.24 

15  4.^ 

23 

326.97 

16  15 

51 

97.43 

15  9 

43 

107.77 

16  1 

38 

69.72 

15  1 

o 

135.14 

13  38 

48 

319.02 

15  15 

34 

105.17 

14  33 

14 

107.20 

14  59 

26 

216.10 

12  40 

27 

296.08 

11  16 

59 

83.99 

11  38 

32 

96.74 

11  12 

21 

144.91 

12  25 

40 

21.3.12 

11  27 

0 

252.92 

12  57 

15 

304.15 

11  1 

50 

102.02 

11  22 

IS 

136.44 

10  37 

32 

262.53 

11  17 

34 

31.45 

10  26 

18 

75.16 

10  18 

54 

71.61 

16  39  26 
15  31  43 

15  45     5 

16  15  19 

15  10     1 

16  1  18 
15     1     2 

13  37  46 
15  16     0 

14  34  18 

15  0  42 
12  40  24 
11  16  55 
11  38  25 

11  12  32 

12  25  12 

11  27  15 

12  57  32 
11  1  48 
11  22     7 

10  37  42 

11  17  0 
10  26  20 
10  18  53 


(1)  Comparisons  4,  8.     Daylight  stopped  measure. 


95.79 

71 

25 

235.00 

b 

26 

53.09 

n 

27 

236.62 

/•3 

28 

151.33 

V 

29 

122.09 

p 

30 

111.76 

f 

31 

51.34 

f 

32 

104.68 

V 

33  1 

158.70 

V 

34 

96.25 

hX 

35 

185.77 

p 

36 

161.58- 

h 

37 

258.44 

g 

38 

94.50 

P 

39 

51.46 

f 

40 

158.88 

h 

41 

94.11 

f5 

42 

124.91 

h 

43 

127.28 

P 

44 

177.18 

h 

45 

82.78 

g 

46 

112.25 

f 

47 

93.84 
J.  (2)  Co 

P 
oaparis 

ons  7, 

I9U8 

Aug.  21 


Sept. 


Oct. 


h   11 

10  17 

56 

87.09 

10  9 

2,S 

100.23 

10  17 

30 

117.43 

10  12 

40 

163.08 

8  58 

52 

302.21 

8  40 

22 

1.51 

9  21 

15 

74.58 

9  41 

40 

10.3.65 

8  34 

47 

150.76 

9  17 

12 

241..50 

8  10 

52 

264.51 

8  8 

42 

268.86 

7  40 

20 

263.37 

7  37 

30 

272.38 

7  15 

18 

64.47 

7  27 

21 

71.29 

8  49 

0 

170.84 

7  20 

31 

206.01 

7  46 

42 

262.98 

7  40 

18 

278.02 

6  41 

45 

94.87 

7  33 

38 

173.67 

6  43 

10 

264.90 

10  18 

> 

3 

201.75 

10  9 

37 

264.70 

10  17 

56 

182.15 

10  12 

21 

69.93 

8  58 

48 

110.41 

8  40 

32 

80.05  1 

9  21 

40 

178.77 

9  41 

25 

154.60 

8  34 

56 

108.46 

9  17 

6 

129.95 

8  11 

13 

157.65 

8  8 

30 

104.31 

7  40 

37 

107.28 

7  37 

36 

195.09 

7  15 

56 

57.83 

7  27 

6 

109.38 

8  49 

14 

54.68 

7  20 

46 

68.70 

7  46 

47 

213.06 

7  40 

12 

232.68 

6  42 

0 

199.38 

7  34 

10 

88.74 

6  42 

57 

124.67 

(3)  Daylight.     (4)  Clouds  interrupt.     (5)  Power  200. 


1003 

July 


Tethys- 


ta   ID 

12  46 

30 

176.39 

12  52 

50 

242.02 

14  9 

48 

239.29 

12  43 

4 

258.00 

12  45 

15 

267.45 

11  16 

3 

269.22 

11  29 

9 

267.26 

12  14 

46 

272.57 

12  11 

61 

272.97 

12  47 
12  52 
14  9 
12  42 
12  45 
11   15 

11  29 

12  14 
12  12 


37.69 

P 

10 

109.29 

V 

11 

80.76 

h 

12  j 

193.74 

e 

13  1 

349.27 

h 

14 

412.89 

pl 

15 

438.01 

p'l 

16 

512.86 

ff2 

17 

523.37 

p2 

18 

lapetus. 

1903 

Aug.  17 
18 
20 
21 

Sept.  21 
22 
24 
25 
26 


6  36 

75.12 

39  0 

61. ,50 

28  28 

75.59 

6  10 

87.04 

52  10 

183.91 

44  40 

152.43 

18  21 

216..59 

7  38 

2.56.86 

58  2 

245.97 

10  6  50 

1.50.10 

9  38  42 

116.28 

10  28  43 

205.60 

10  7  19 

290.74 

7  51  30 

54.47 

7  44  47 

80.35 

7  18  16 

84.47 

7  7  18 

155.52 

6  58  1 

153.22 

(1)  Slid  eyepiece  back  and  forth.     (2)  Single  distances  (measurements  all  on  one  side  of  coincidence)  ;  slid  eyepiece. 


1903 

July  2 

6 

7 

8 

9 

13 

15 

23 

24 

27 

28 

30 

Aug.  11 

12 

17 

18 

20 

21 

22 

23 

24 

Sept.  1 


h   a 

14  54 

8 

157.82 

12  21 

30 

270.92 

13  9 

57 

275.45 

14  30 

11 

278.18 

13  2 

9 

278.02 

12  20 

18 

246.78 

10  52 

20 

253.93 

12  40 

11 

277.22 

12  51 

53 

278.55 

12  15 

37 

277.82 

13  40 

35 

275.15 

12  21 

18 

269.63 

9  59 

25 

329.28 

11  14 

9 

24.60 

9  46 

55 

96.80 

9  29 

46 

95.82 

9  43 

46 

69.63 

9  23 

50 

60.89 

9  47 

33 

62.52 

9  55 

19 

67.78 

9  31 

30 

73.33 

8  39 

9 

98.35 

14  53  52 

12  21  16 

13  9  41 

14  30  42 
13  2  4 
12  20  16 

10  53  40 
12  39  45 
12  52  41 

12  16  2 

13  40  6 
12  21  15 

9  59  30 

11  12  0 
9  47  23 
9  29  42 
9  43  49 
9  24  1 
9  47 
9  55 
9  31  54 
8  47 


26 


Titan-Iapetus. 

1003 

Sept.    2 


10 
11 
12 
13 
14 
15 
19 
20 
21 
22 
23 
24 
25 
26 
29 
30 
Oct.  13 
14 
20 


94.23 

b 

23 

180.20 

V 

24 

174.75 

V 

25 

151.44 

P 

26 

124.02 

e 

27 

1.34.98 

P 

28 

270.24 

b 

29 

655.07 

rA 

30 

596.94 

n 

31 

408.70 

f2 

32 

370.54 

n 

33 

377.20 

./•3 

34 

122.31 

V 

35 

87.60 

M 

36 

129.05 

n 

37 

97.18 

f 

38 

68.38 

b 

39 

91.28 

f 

40 

137.88 

P 

41 

204.11 

P 

42 

285.24 

.f5 

43 

620.32 

b6 

9  24  34 

99.98 

9  35  55 

100.94 

9  20  40 

89.65 

9  47  5 

91.26 

9  10  14 

93.34 

8  40  33 

95.98 

8  3  48 

99.09 

8  6  43 

102.88 

8  9  24 

150.89 

7  3  44 

198.38 

7  8  6 

238.30 

7  31  0 

255.99 

7  48  42 

265.03 

6  55  7 

270.22 

6  54  40 

273.95 

6  47  0 

275.84 

6  44  10 

262.74 

6  39  54 

2.54.79 

6  59  16 

281.12 

7  45  40 

281.07 

7  16  24 

270.30 

1 
9 

24 

6 

553.80 

9 

36 

38 

480.65 

9 

21 

0 

401.82 

9 

47 

15 

445.78 

9 

10 

30 

479.88 

8 

40 

48 

496.87 

8 

4 

0 

491.73 

8 

7 

0 

458.24 

8 

9 

34 

136.57 

7 

4 

22 

105.52 

7 

8 

23 

140.57 

7 

31 

8 

187.62 

7 

48 

35 

217.04 

6 

55 

14 

224.78 

6 

54 

36 

213.21 

6 

47 

2 

188.20 

6 

44 

14 

123.00 

6 

41 

18 

136.70 

6 

59 

23 

480.81 

7 

46 

16 

415.00 

7 

17 

4 

416.81 

(1)  Measurements  made  by  placing  the  two  outside  movable  wires  successively  in  coincidence  each  with  its  object;  slid  eyepiece  back 
and  forth.  (2)  Measurements  made  by  single  distances.  (3)  Power  200  ;  single  distances.  (4)  Comparisons  7,  8  ;  clouds  interrupting. 
(5)  Comparisons  S,  9.  (6)  lapetus  vei-y  difficult  :  clouds  stop  measurements:  comparisons  4,  8;  measures  made  as  in  (1).  (")  Very 
difficult  ;  single  distances.     (8)  Power  ITO  :  single  distances. 
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No.         Date       I  Wash.  M.T.         p  Wash.  M.T 


Rem.    No.        Date      I  Wash.  M.T.  p        Wash.  M.T.         g         Rem 


Tethijs-Hyperion. 


h        m       s 

92.76 

8  25  20 

92.86 

8  32  11 

107.77 

I  1 9(")3 

Sept.  13 
1  14 

15 
(1)  Hyperion  iflentifieil  by  motion. 


Julv  24 
Aug.  17 

3  Sept.  11 

4  12 

5  13 
14 
15 
21 


9  21  33  167.67 

nl 

4 

8  25  15  224.45 

'il 

5 

8  31  31  172.22 

n 

6 

1 
13 

28  45 

289.35  f 

11 

54  7 

273.85 

10 

19  30 

53.92 

9 

37  35 

75.38 

9 

5  55 

86.64 

8 

48  8 

94.57 

8 

52  7 

102.06 

8 

18  46 

253.88 

1903 

Sept.  22 
25 
26 


Titan-  Hyperion. 

1903 

Sept.  22 
25 


13  40  7 

290.60 

n 

9 

11  57  37 

124.08 

<i 

10 

10  18  0 

180.76 

'1 

11 

9  37  20 

269.00 

f 

12 

9  6  0 

341.68 

(l2 

13 

8  47  58 

380.16 

q1 

14 

8  52  25 

375.00 

n 

15 

8  19  6 

274.22 

f 

Oct. 


h   II 

8  11 

36 

240.36 

7  47 

10 

275.20 

7  50 

34 

273.28 

8  39  30 

263.95 

8  15  45 

282.96 

7  28  40 

268.74 

7  19  27 

268.02 

7  5  0 

261.86 

6  45  26 

272.73 

7  0  48 

278.46 

8  10 

50 

129.00 

7  47 

20 

257.71 

7  50 

28 

212.81 

8  39  (• 

8  15  58 

'■',-<,X>~, 

7  28  40 

81.58 

7  19  54 

64.68 

7  6  26 

81.22 

6  44  19 

130.13 

7  10 

144.94 

V 

/I 


J 

f 

b 
b 
pi 


Hyperion  could  not  be  seen  with  Saturn  in  the  field,  except  by  pasting  a  strip  of  black  paper  to  the  metal  rim  in  front  of  the  eye- 
piece to  cut  out  the  light  of  Saturn.  (1)  Very  difficult ;  Hyperion  disappeared  before  the  obserration  could  be  finished;  comparisons 
4,  8.     (2)  Single  distances.     (3)  Possibly  not  Hyperion.     (4)  Hyperion  exceedingly  difficult. 


ELEMENTS  OF  (1903  ^V:F), 

l!v    W.    T.    CARRIGAN   and    E.    D.    TILLYER. 


The  elements  given  below  are  based  on  the  middle 
observation  of  the  series  and  two  normals  formed  from  the 
four  extreme  places.  The  residuals  shown  are  those  fur- 
nished by  the  comparison  of  places  computed  directly  from 
the  elements  with  the  adopted  fundamental  positions.  It 
was  considered  inadvisable,  in  view  of  the  limited  number 
of  observations,  as  well  as  the  small  interval  of  time 
covered,  to  attempt  a  further  reduction  of  these  residuals. 
The  computation  was  made  by  the  method  of  A.  0.  Leusch- 
NER.  and  the  ease  with  which  the  results  were  obtained  by 
this  method  is,  in  our  opinion,  a  convincing  proof  of  its 
great  value,  not  only  in  special  cases,  such  as  the  one  here 
dealt  with,  but  also  in  cases  to  which  the  older  methods 
are  entirely  applicable. 

The  only  element  which  shows  any  remarkable  feature 
is  the  eccentricit}',  which  so  far  exceeds  in  magnitude  that 
of  any  asteroid  orbit  hitherto  computed  that  one  would 
naturally  be  inclined  to  regard  it  with  suspicion.  How- 
ever, the  eccentricity  issues  as  it  stands  from  the  compu- 
tation, and  we  have  satisfied  ourselves  bj-  trial  that  any 


ordinary  change  of  the  residuals  would  not  affect  it  ma- 
terially. 

Epoch  1903  December  17.73093  G.M.T. 


Q  =  233  21  0.1 
t  =  17  49  44.3 
TT  =  336  59  12.6 
M^  =  42  59  39.2 
e  =  0.5585231 
log  (J  =  0.5530944 
u  =  525".25 


1903.0 


X  =  r  (9.9864850)  sin  (  65  37  38.1 +  r)  ) 

1/  =  r  (9.9900915)  sin  (332  29  18.5  + v)  W903.0 

'z  =  r  (9.5104837)  sin  (  23  21  48.0+ .•)  \ 


0-C 

COS  8Ja  JS 


-0.03 
+  0.03 
-0.04 


+  0.3 
±  0.0 
±0.0 


COKKEt'TlOXS   TO   OBSERVATIONS  OF  MINOK    PLAN!::  TS    (.1../.  .V.(i.  p.  ;{;{), 

I!y  .maktix  khei.i.. 

1.  The  observations  of  (73)  Khjtia  do  not  belong  Khjtiti,  but  to  (207)  Ihdda. 

2.  The  observations  of  a  new  planet,  Peteks  (1903  Sept.  2S\  are  only  a  continuation    of   the  observations,  on 
same  page,  of  (163)  Erif/one.     The  circular  orbit  on  p.  34  also  shows  the  identity. 

Kiel,  1904  March  1. 


60 


THE     ASTRONOMICAL     JOURNAL. 


N"  r.59 


COMPARISON   OF   THE    XEW   TABLES   OF   JUPITER   AND    SATURN, 


WITH    TIIK    lil!F:KN\VI<n    Oil; 

liv  (;.  W. 

Tlie  New  Tables  of  Jupiter  and  Saturn  are  founded  upon 
a  discussion  of  observations  which  ended  with  the  year 
1888.  They  could  not,  however,  be  generally  used  for 
the  calculation  of  the  Ephemerides  till  1901.  This  leaves 
a  gap  of  twelve  years  of  observations  uncompared  with 
the  new  theories.  It  seemed  that  a  useful  service  would 
be  done  for  astronomy  by  supplying  the  lacking  compari- 
sons. In  tliis  work  I  have  confined  myself  to  the  Green- 
wich observations  as  the  published  positions  made  at  otlier 
places  are  desultory  in  character.  Desiring  to  form  nor- 
mals as  near  the  time  of  opposition  as  possible,  I  have  not 
included  observations  when  the  time  of  culmination  was 
earlier  than  10''.  During  some  portion  of  the  summer  of 
1891  the  instrument  appears  to  have  been  dismounted  ;  thus 
only  a  weak  normal  for  Jupiter  could  be  formed  for  this  year. 

It  seemed  desirable  to  reduce  the  normal  positions  to 
the  standard  of  Professor  Newcomb's  Catalogue  of  Funda-   \ 
mental    Stars   (Astronomical  Papers,  Vol.  VIII,  Part  II).   | 


iKKVATIOXS  OK   1889-1000, 

iiii.r,. 

With  regard  to  the  right-ascensions,  in  this  memoir  (p.  L'1.'!S) 
+  0'.049  is  given  as  the  correction  for  the  Greenwich  Cata- 
logue of  1890.  But,  being  apprehensive  that  this  quantity 
was  not  applicable  to  the  whole  period  1889-1900,  I  liave 
determined  it  at  nine  different  epochs,  getting  results 
which  range  from  +0'.041  to  +0'.05y.  The  correction 
seems  to  have  augmented  from  the  beginning  to  the  end  of 
the  period.  The  systematic  correction  for  the  declinations 
is  taken  from  the  table  on  p.  236  of  the  same  paper,  given 
as  applicable  to  the  Greenwich  Catalogue  of  1890.  A  com- 
parison of  the  declinations  in  the  Greenwich  volume  for 
1900  with  those  of  the  Fundamental  Cataloffiie  showed 
that  these  systematic  corrections  have  persisted  without 
marked  change  till  the  later  date. 

The  columns  in  the  following  exhibit  scarcely  need  ex- 
planation. In  the  second  column  the  dates  of  the  first  and 
last  observation  are  given  in  order  that  the  observations 
used  may  be  readily  identified. 


Jupiter. 


Date 

I 

Qterval  of 

No.  of 

Mean  Diflf.  Sjst. 

Mean  Diff 

.Syst. 

I'ositions  Resulting 

from  Observation 

Greenw.  M.N. 

Observation 

Obsns. 

fromN.A.  Corr. 

from  N.  A. 

Corr. 

a 

0  ^, 

1889  June 

27 

May 

21-Aug. 

3 

20-20 

-!0.32    +!041 

+o'oi 

+  ."75 

18"l3"'l5.289 

-23°15'20!84 

1890  Aug. 

8 

July 

3-Sept. 

3 

25-26 

+  .095   +.046 

-0.19 

+  .69 

20  34  41.141 

-19  31  17.50 

1891  Aug. 

oo 

July 

24-Oct. 

17 

7-6 

+  .233   +.046 

+  0.28 

+  .48 

23     6  37.239 

-   7  17  11.14 

1892  Oct. 

13 

Sept. 

8-Nov. 

18 

24-24 

+  .274   +.046 

+  1.21 

+  .35 

1  15  31.330 

+   6  15     5.86 

1893  Nov. 

19 

Oct. 

26-Dec. 

23 

26-27 

+  .327    +.056 

+  0.71 

+  .28 

3  36  45.083 

+  18  14  33.19 

1894  Dec. 

31 

Nov. 

lo-Jan. 

30 

29-29 

+  .216   +.056 

+  0.58 

+  .25 

6     0  34.102 

+  23  14  49.63 

1896  Feb. 

ir) 

Jan. 

14-Mar. 

4 

15-16 

+  .116  +.050 

-0.06 

+  .27 

8  15     5.466 

+  20  33  23.81 

1897  Mar. 

10 

Jan. 

22 -Apr. 

8 

21-21 

+  .020  +.050 

+  1.27 

+  .33 

10  23     8.330 

+  11  31  28.00 

1898  Apr. 

8 

Feb. 

26-May 

~ 

27-30 

+  .040   +.059 

+  1.10 

+  .42 

12  16     2.969 

-   0     0  13.18 

1899  May 

9 

Mar. 

29-Juue 

2 

31-34 

+  .089   +.057 

+  0.93 

+  .53 

14     7  31.066 

-11  23  24.94 

1900  June 

1 

Apr. 

17- July 

6 

26-26 

+  .170   +.054 

+  0.01 

+  .70 

16  14  36.364 

-20  20  49.79 

1889  Feb. 

10 

Jan. 

8-Mar. 

15 

19-19 

Saturn. 
-.'l38   +.046 

+  0.21 

+  .29 

9"'l5°23.788 

+  17°  8  56.20 

1890  Mar. 

3 

Jan. 

23-Apr. 

5 

22-23 

-.108   +.046 

+  0.59 

+  .32 

10     8  59.738 

+  13  15  37.31 

1891  Mar. 

17 

Feb. 

12-Apr. 

18 

20-20 

-.063   +.046 

+  0.55 

+  .35 

10  59  53.383 

+   8  46  31.80 

1892  Apr. 

6 

Mar. 

8-Apr. 

30 

26-27 

-.112   +.046 

+  1.08 

+  .39 

11   46  24.704 

+  4  11  51.87 

1893  Apr. 

11 

Mar. 

4-May 

13 

41-38 

-.230   +.056 

+  1.97 

+  .42 

12  35  27.096 

-  0  52  56.81 

1894  Apr. 

20 

Mar. 

15-May 

24 

24-26 

-.281    +.056 

+  2.18 

+  .46 

13  22  23.815 

-  5  41  19.36 

1895  Apr. 

30 

Mar. 

13-June 

5 

27-27 

-.314   +.048 

+  2.37 

+  .50 

14     8  43.764 

-10     7  23.03 

1890  ]\Iay 

8 

Mar. 

28-June  15 

37-37 

-.385  +.050 

+  2.36 

+  .58 

14  55  36.495 

-14     4  53.06 

1897  May 

16 

Apr. 

22-June 

21 

27-27 

-.460  +.050 

+  2.19 

+  .65 

15  43  28.440 

-17  24  52.96 

1808  June 

12 

May 

12-Julv 

8 

16-16 

-.418   +.059 

+  1.32 

+  .70 

16  26  21.771 

-19  47     6.38 

1899  June 

23 

May 

15-July 

20 

30-30 

-.370   +.057 

+  1.38 

+  .72 

17  14  55.847 

-21  34  32.40 

1900  July 

8 

May 

26-Aug. 

4 

28-28 

-.304   +.054 

+  0.51 

+  .74 

18     2  56.220 

-22  28  34.65 

As  the  next  step  the  heliocentric  positions  of  the  planets 
for  the  dates  of  their  normals  were  obtained  from  the  New 
Tables,  and  the  positions  of  the  S%tn  for  the  same  dates 
from  Professor  Newcomb's  Tables,  neglecting,  however, 
the  small  terms  of  nutation.     Thus  were  obtained  the  ap- 


parent geoseutric  positions,  which,  with  the  residuals  of 
the  observations  are  noted  below.  The  latter,  although  of 
a  systematic  character  in  the  case  of  Satnm,  are  small 
enough  to  render  probable  the  conclusion  that  the  New 
Tables  will  represent  well  the  future  motion  of  the  jilanets. 
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Jupiter. 


J8 


1889  June 

27 

18  13 

15.331 

-23  15 

21.44 

-0.042 

+0.60 

1890  Aug. 

8 

20  34 

41.165 

-19  31 

17.32 

-0.024 

-0.18 

1891  Aug. 

22 

23     6 

37.219 

-   7  17 

10.52 

+  0.020 

-0.62 

1892  Oct. 

13 

1   15 

31.333 

+   6  15 

6.35 

-  0.003 

-0.49 

1893  Xov. 

19 

3  36 

45.028 

+  18  14 

33.32 

+  0.055 

-0.13 

1894  Dec. 

31 

6     0 

34.087 

+  23  14 

49.49 

+  0.015 

+  0.14 

1896  Feb. 

15 

8  15 

5.447 

+  20  33 

24.07 

+  0.019 

-0.26 

1897  Mar. 

10 

10  23 

8.369 

+  11  31 

27.14 

-0.039 

+  0.86 

1898  Apr. 

8 

12  16 

2.941 

-00 

13.84 

+  0.028 

+  0.66 

1899  Mav 

9 

14     7 

31.041 

-11  23 

25.77 

+  0.025 

+  0.83 

1900  June 

1 

16  14 

h       in 

36.344 

-20  20 
Saturn. 

50.69 

+0020 

+  0.90 

1889  Feb. 

16 

9  15 

23.797 

+  17     8 

56.55 

-0.009 

-0.35 

1890  Mar. 

3 

10     8 

59.687 

•       +13  15 

37.77 

+  0.051 

-0.46 

1891  Mar. 

17 

10  59 

53.369 

+   8  46 

31.74 

+  0.014 

+  0.06 

1892  Apr. 

6 

11  46 

24.667 

+   4  11 

51.59 

+  0.037 

+  0.28 

1893  Apr. 

11 

12  35 

27.108 

-   0  52 

57.24 

-0.012 

+  0.43 

1894  Apr. 

20 

13  22 

23.830 

-  5  41 

19.46 

-0.015 

+0.10 

1895  Apr. 

30 

14     8 

43.789 

-10     7 

23.19 

-0.025 

+  0.16 

1896  INIay 

8 

14  55 

36.558 

-14     4 

53.81 

-0.063 

+  0.75 

1897  May 

16 

15  43 

28.515 

-17  24 

53.65 

-0.075 

+  0.69 

1898  June 

12 

16  26 

21.838 

-19  47 

6.86 

-0.067 

+  0.48 

1899  June 

23 

17  14 

55.918 

-21  34 

33.59 

-0.071 

+  1.19 

1900  July 

8 

IS     2 

56.227 

-22  38 

35.48 

-0.007 

+  0.83 

OBSEKYATIOXS   OF   COMET  1903  II  {=cL  1902,  GIAL'OBIXf), 

MADE    WITH    THE   26-lNCH   KEFRACTOR   OF   THE   LEANDER   McCORMlCK   OBSERVATORY    OF   THE   VKIVKKSITV    OF    VIKGINI.*. 

By  ORMOND  stone  and  G.  FKEDERIC  PADDOCK. 


1903  Charl. 

M.T. 

* 

Comp. 

Ja 

Jh 

App.  a 

App.  8 

logpA 

Red.  to  App.  PI. 

Obs. 

Jan.  30 

b 

9 

25°    2 

1 

d8,8 

-o"  0.29 

-2  48.3 

h      m       s 

6  42  35.86 

+  13  17     8.2 

n8.927    0.566 

+  1.95  -12.6 

P 

11 

26  58 

1 

<Z8,8 

-0     3.19 

-1     7.4 

6  42  32.97 

+  13  18  49.1 

9.218    0.574 

+  1.96  -12.6 

S 

Feb.    4 

9 

16     9 

2 

8,8 

-0  36.30 

+  0  45.1 

6  40  13.26 

+  14  56  21.6 

«8.763    0.536 

+  1.91  -12.3 

P 

5 

8 

19  49 

3 

10,8 

-0  49.49 

-1  36.8 

6  39  49.24 

+  15  15  23.7 

//9.214    0.542 

+  1.91  -12.3 

P 

10 

42  50 

3 

9,8 

-0  51.78 

+  0  14.6 

6  39  46.95 

+  15  17  15.1 

9.118    0.537 

+  1.91  -12.3 

s 

13 

8 

46     1 

4 

9,4 

+  1  19.07 

+  0  52.8 

6  37  21.22 

+  17  49  23.2 

«8.620    0.480 

+  1.88  -11.5 

s 

17 

8 

58     1 

5 

8,8 

+  1     0.17 

+  2     5.0 

6  36  42.99 

+  19     3  17.5 

8.273    0.452 

+  1.83  -11.2 

s 

19 

8 

23     0 

6 

5,4 

-0  29.11 

-1  59.0 

6  36  33.58 

+  19  38  42.7 

«8.593    0.440 

+  1.82  -11.1 

s 

8 

30     5 

7 

5 ,  - 

-0  39.83 

6  36  .33.66 

hS.380       .    . 

+  1.81       .    . 

s 

8 

39  18 

7 

5  ,- 

-0  39.97 

6  36  33.52 

n7.621       .    . 

+  1.81       .    . 

p 

8 

46  10 

6 

5 ,  5 

-0  29.21 

-i  36.3 

6  36  33.48 

+  19  39     5.4 

8.026    (».43S 

+  1.82  -11.1 

p 

Mar.    1 

11 

2  21 

8 

10,10 

-0  31.28 

-3  30.5 

6  37  24.71 

+22  30     2.2 

9.549    0.492 

+  1.70  -10.0 

p 

Apr.  18 

9 

25  17 

9 

7,4 

-1  14.89 

+  6  56.9 

7  16  36.99 

+  31  44  32.0 

9.653    0.403 

+  1.04  -   7.0 

s 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

2 
3 
4 
5 

6  42  34.20 
6  40  47.65 
6  40  36.82 
6  36     0.27 
6  35  40.99 

+  13  20     9.1 
+  14  55  48.8 
+  15  17  12.8 
+  17  48  41.9 
+  19     1   23.7 

DM.  +  1.3°141.3« 
Leipzig  I,  A.G.  2477 
Berlin  A,  A.G.  2;i69 
Berlin  A.  A.G.  2324 
Berlin  A,  A.G.  2319 

6 

8 
9 

h        111        8 

C.  -M     0.S7 
6  ;'.7   11.68 

6  37  54.29 

7  17  50.84 

+  19  40  52.S 
+  19  34  57.0 
+  22  33  42.7 
+  31  37  42.6 

Berlin  A.  A.G.  2335 
Berlin  A,  A.G.  2338 
Berlin  B.  A.G.  2551 
Leiden.  A.G.  3113 

d  indicates  direct  niicrometrical  measurement.      Correction  for  refraction  has  been  applied. 
*  Micrometrioally  connectcil  «illi  Leipzig  I,   .\.G.  2r>14. 
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NOTES   ON   SOME   LONG-PERIOD  VARIABLE   STARS, 

Uy  a.  STANLEY   WILLIAMS. 


Tlie  followinjj;  notes  are  in  continuation  of  those  pub- 
lislied  in  the  A.J.  ~)29.*  The  observations  on  whicli  they 
are  based  were  all,  however,  made  with  the  O^-incli  reflector, 
and  none  with  the  2J-inch  refractor,  partly  in  order  to 
secure  uniformity,  and  partly  because  of  observation  being 
so  much  pleasanter  and  easier  with  the  reflector  than  with 
the  refractor.  The  observations  have  been  reduced  in  the 
manner  described  by  HA(iEN,  on  p.  3  of  the  Introduction  to 
hi.s  "Obser^^atioiis  of  Variable  Stars,"  the  mean  of  both 
the  arithmetical  and  geometrical  proportion  being  taken 
whenever  practicable.  As  this  work  has  been  carefully 
done,  it  is  not  likely  that  any  material  alteration  will  be 
made  hereafter  in  the  concluded  times  of  maxima  and 
minima,  though  the  results  are  necessarily  at  present  of  a 
somewhat  provisional  character.  The  present  notes  had 
all,  with  one  exception,  been  written  out  before  the  publi- 
cation of  the  VJS.  Ephemerides  for  1904.  In  the  intro- 
duction to  these  Ephemerides  Hartwig  has  given  notes  on 
several  of  the  stars  contained  in  the  present  list.  The 
conclusions  come  to  by  him  appear  in  every  case  to  be 
almost  identical  with  those  derived  by  the  writer. 

(557).  RU  Andromedae. 
Observations  made  on  20  nights,  between  1903  Aug.  3 
and  1904  Jan.  16,  show  that  a  fairly  well  marked,  though 
not  very  sharply  defined  minimum,  occurred  on  1903  Aug. 
25  (12". 2),  and  a  similar  maximum  on  1903  Dec.  11  (9". 9). 
A  minimum  had  also  been  observed  here  on  1902  Dee.  18 
(See  A.X.  3861),  so  that  we  have  for  the  elements  of  vari- 
ation : 

Maximum  =  J. D.  2416400  +  250'' E. 

the  interval  M~m  being  lOS  days. 

562.  Y  .Andromedae. 
This  star,  the  variability  of  which  was  discovered  by 
Anderson,  increased  from  9". 25  on  1903  Sept.  2  to  a 
sharply  defined  maximum  on  Sept.  21  ;  and  then  immedi- 
ately declined  until  by  Nov.  23  it  had  diminished  to  11".0. 
The  maximum  brightness  was  8". 3 ;  that  is  one-tenth 
magnitude  brighter  than  DM. +3S°305;  14  observations 
between  the  above  limiting  dates. 

1205.      Y  FerseL 
The  following  dates  of  minimum  have  been  derived  from 
the  observations:     (1)  1902  Dec.  30  (9". 8),  from  8  obser- 
vations, between  1902  Nov.  12  and  1903  Mar.  3.     (2)  1903 
Sept.  6  (9".9),  from  9  observations,  between  Aug.  3  and 

*The  following  corrections  to  the  notes  in  the  A.J.  529  should  be 
noted.  On  p.  6  the  comparison-star  1  for  F  Lyrae  should  be  I. 
Also  the  date  of  the  last  maximum  of  Z  Lyrae  should  be  April  7. 


Dec.  6,  but  there  is  only  a  single  observation  preceding  the 
minimum.  These  dates  are  in  good  agreement  with  the 
period  of  about  251  days  suggested  in  the  A.J.  529,  p.  5. 

(6718).  RY  Lyrae. 
This  variable  rose  from  12"  on  1903  May  21  to  a  well 
defined  maximum  (9". 5)  on  July  25.  and  by  Oct.  17  it  had 
decreased  again  to  12".  Observations  were  made  on  16 
nights  between  the  above  limiting  dates.  The  decline  from 
maximum  was  very  rapid  at  first.  Comparing  the  above 
maximum  with  the  photographic  maximum  of  1900  Oct.  23, 
referred  to  in  the  A.N.  3870,  we  get  for  the  elements  of 
variation  : 

Maximum  =  J.D.  2416321  +  335"  E. 

(6733a).  RW  Lrjrae. 
A  diagram  showing  some  of  the  stars  in  the  neigh- 
borhood of  this  star  was  published  in  A.N.  3833  frepro- 
duced  in  Popvlar  Astronomy,  No.  102,  p.  101),  together 
with  a  photographic  light-scale.  The  following  is  my 
provisional  visual  light-scale,  with  the  magnitudes  of 
the  comparison-stars  on  the  assumption  that  the  star 
h  (DM.  +43°3071,  9.0)  is  9".0,  and  the  value  of  a  step  is 

0»'.08. 

Star  Scale 

b  0 

e  16 


;i 


Mag. 
9.0 
10.3 
11.0 
11.5 


In  1902  the  variable  was  invisible  in  a  G^-inch  reflector 
between  Aug.  15  and  Nov.  17.  In  1903  the  observations 
(16  in  number)  were  commenced  on  May  7,  when  the  star 
•was  11". 2,  and  from  that  date  it  rose  somewhat  rapidly  to 
a  sharply  defined  maximum  on  May  25  (^10". 3).  The  de- 
crease was  less  rapid  than  the  increase,  a  magnitude  of 
12.5  not  being  reached  until  Oct.  17,  and  there  was  a  hump, 
or  ill-defined  secondary  maximum  at  the  commencement  of 
August.  Comparing  this  maximum  with  the  photographic 
maximum  of  1900  Oct.  6  (See  A.N.  3833),  we  have  for  the 
elements  of  variation  : 

Maximum  =  J.D.  2416260  +  480'' E. 
and  these  elements  accord  with  the  invisibility  of  the  star 
in  1902,  and  with  the  photographic  observations  of  1899 
and  1901.  The  maximum  of  1903  seems  to  have  been 
rather  a  faint  one,  as  the  visual  brightness  of  the  star  at 
the  maximum  of  1900  was  probably  at  least  two  magni- 
tudes brighter.  The  next  maximum  should  occur  on  Sept. 
16  of  tlie  present  year. 

6816.     Z  Lyrae. 

Observations  were  made  on  27  nights,  between  1903 
May  19  and  1904  Jan.  9.      These  indicate  a  well-defined 
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masimum  (9". 6)  for  1903  Nov.  10,  three  days  earlier 
than  the  computed  date  according  to  the  elements  in 
A.J.  529,  p.  6.  There  is  a  12+"  star,  10"-12"  n.f.  the  vari- 
able, and  easilj'  mistaken  for  the  latter  when  faint. 

6895.  R  U  Lyrae. 
This  star  rose  from  12". 5  on  1903  May  19,  at  first 
slowly,  but  after  July  24  rapidly,  to  a  well  defined  maxi- 
mum (9". 4)  on  Sept.  5  ;  and  by  Oct.  17  it  had  declined  to 
11".5.  Comparison  of  this  maximum  with  the  one  which 
I  observed  in  1902  (see  A.J.  529)  yields  the  following  ele- 
ments of  variation  : 

Maximum  =  J.D.  2415983  +  380"  E. 

7019.      TY  Cijgni. 

Twenty-six  observations,  between  1903  May  21  and 
1904  Jan.  9,  indicate  a  well  defined  maximum  for  1903 
Oct.  7,  eight  days  earlier  than  the  date  computed  from  the 
elements  in  A.J.  529,  p.  7.  Tlie  maximum  brightness  was 
8". 7,  the  variable  being  then  a  full  half  magnitude  brighter 
tliau  DM.  +27=3433. 

7505.      UX  Cygni. 

This  star  was  invisible  in  a  6i^-inch  reflector  in  1902 
between  July  11  and  Nov.  17.  In  1903  observations  were 
commenced  on  May  7.  The  variable  was  then  one-fifth 
magnitude  fainter  than  DM.  +29°4233  (9''. 5),  and  from 
that  date  it  faded  slowly  until  by  the  middle  of  August  it 
had  decreased  to  about  11". 5.  The  maximum  evidently 
occurred  some  time  before  May  7  —  about  43  days  eai-lier 
if  the  light  change  was  similar  to  what  it  was  in  1901. 
This  would  make  the  date  of  maximum  about  1903  Mar. 25  ; 
and  comparing  this  with  the  photographically  observed 
maximum  of  1901  Oct.  23  {A.J.  529),  we  get  518  days  as  a 
first  approximation  to  the  period  of  variation.  This  period 
would  accord  with  the  invisibility  of  the  star  in  1902; 
whereas,  one  of  half  the  length  would  imply  a  maximum 
for  July  9  of  that  year,  at  which  time,  however,  the  vari- 
able was  invisible  in  a  6^ -inch  reflector. 
20  //ort-  Park  Villas,  //ore,  1904  Feb.  12. 


It  should  be  mentioned  that  there  is  a  10^"  star  about 
30"  north  preceding,  and  liable  to  be  mistaken  for  the  vari- 
able when  the  latter  is  faint.  This  10^"  star  is  photo- 
graphically a  little  faint,  so  that  it  did  not  at  first 
seem  likely  that  it  could  be  identical  with  the  9". 5  star 
DM.  +29-4231  ;  but  as  the  star  is  just  visible  in  a  23-inch 
refractor,  it  is  not  impossible  that  it,  and  not  the  variable, 
is  actuallj'  identical  with  the  DM.  star.  Measures  are 
required  to  decide  this  question.  The  ne.xt  maximum  of 
VX  Cygni  should  occur  about  Aug.  24  of  the  present  year. 

7571ff.      TW  Ctjgni. 

Observations  were  made  on  11  nights  in  1903,  between 
May  21  and  Oct.  16.  The  star  rose  from  10".3  on  the 
former  date  to  a  well  defined  maximum  on  Aug.  3,  six 
days  later  than  the  computed  date  of  maximum'  according 
to  the  elements  in  the  A.J.  529,  p.  8.  The  decrease  was 
somewhat  more  rapid  than  the  increase,  the  star  having 
sunk  to  11  ".8  by  Oct.  16.  At  its  greatest  brightness  the 
variable  attained  to  9".0,  being  then  slightly  brighter  than 
DM.  +2S''39S6. 

6783.     RX  Lyrae. 

A  little  chart  of  the  stars  in  the  neighborhood  of  this 
variable  is  given  by  Seeliger  in  J. ..A'.  3857.  On  Jlay  7, 
1903  the  variable  was  estimated  5  steps  brighter  than  the 
star  marked  (1)  on  this  chart,  and  5  steps  fainter  than  the 
principal  component  of  the  double  star  marked  (2).  It 
decreased  slowly  in  brightness,  until  by  May  26  it  was 
rated  10  steps  fainter  than  (1).  This  would  make  it  about 
equal  in  brightness  to  the  faint  companion  of  (2)  shown  on 
the  chart.  The  maximum  evidently  occurred  some  time 
previous  to  Jlay  7.  Hartwig  fixed  the  date  of  tliis  for 
-Vpril  28  (.-i.X  3873).  A  comparison  of  my  observations 
with  those  of  the  last  mentioned  observer,  and  with  one 
made  h\  Wolf  on  Mar.  25,  when  the  star  was  about  14", 
gave  an  independent  determination  of  the  date  of  maximum 
as  1903  April  27.  The  value  of  a  step  in  the  above  esti- 
mates would  be  not  far  from  0".06. 


The  material  for  the  determination  of  the  elements  of 
U  Ophiuchi  consists  of  the  following  complete  minima 
observed  between  1882  and  1902  : 

S.vwYER         45  complete  minima 

Chaxdler     29         "  " 

Ykxdki.l       26         '•  " 

Dlx£r  4 

in  addition  to  times  of  a  large  number  of  other  minima 
which  may  be  more  or  less  certainh-  deduced  from  isolated 
observations.  Of  the  latter  class  the  most  important  are 
the  times  derived  from  the  observations  of  Sch,iellf.rup 
and  at  Cordoba,  which  I  have  fully  discussed  in  A.J.  161. 


ELEMENTS   OF   (3189   L'  orillLCITL 

By  S.  C.  chandler. 

The  elements  given  in  A.J.  553.  page  5,*  are, 
1881  July  17  15  32'"Gr.  +2o''7"6903E  -z!ot*+0..it* 
where,  for  brevity,  t  is  put  = 


E 


YKT^^  ■  These  elements  rep- 
resent well  the  data  for  the  whole  interval,  1863  to  1902, 
as  is  shown  by  the  following  comparison  :  where,  in  order 
to  make  dear  the  nature  of  the  demonstrated  inequalities, 
I  have  given  in  the  column  •'  Obs'd  Inequality  "  the  devia- 
tions of  the  observed  normal  epochs  from  the  uniform 
period  of  the  elements:  then  the  sum  of  the  computed 
terms  in  t-  and  t*;  and  in  the  last  column  O  — C. 


*  The  exponents  to  the  terms  in  (  were  imfortunatcly  omitteil  in  the  place  cited, 
page,  for  5S89  U  Ihrculis,  to  write  E^  for  E-  in  the  last  terra. 


The  reader  is  asked  to  supply  them:  also  on  the  i 
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ilean 

Inequality 

Mean 

Inequality 

E 

Ob3'd 

Comp'd 

O— C 

E 

Obs'd 

Comp'd 

O— C 

-7885 

-338".'l 

-333'!'6 

-  4"5: 

+  2218 

-   l'."l 

— 

1L4 

+  10^3 

-42G7 

_ 

71.8 

-  77.9 

+  6.1  : 

2719 

-  23.S 

— 

16.1 

—  7.7 

+  120 

_ 

6.1 

0.0 

-  6.1  : 

3051 

-  24.4 

— 

19.4 

-  5.0 

350 

+ 

2.0 

-  0.4 

+  2.4  : 

3472 

-  35.4 

— 

23.7 

-11.7 

416 

+ 

6.5 

-  0.5 

+  7.0 

3515 

-  23.7 

— 

24.1 

+  0.4 

451 



17.8 

-  0.6 

-17.2: 

3794 

-  51.3: 

_ 

26.8 

-24.5 

457 

+ 

0.4 

-  0.6 

+  1.0 

3920 

-  13.7 

_ 

28.0 

+  14.3 

479 

+ 

0.5 

-  0.7 

+  1.2 

4393 

-  34.3 

— 

32.5 

-  1.8 

517 

_ 

3.6 

-  0.8 

-  2.8 

4420 

-  31.1 

_ 

32.7 

+  1.6 

517 

+ 

5.0 

-  0.8 

+  5.8 

4742 

-  48.4 

— 

35.4 

-13.0 

838 

+ 

3.8 

-  1.9 

+  5.7 

4762 

-  30.7 

— 

35.6 

+  4.9 

839 



5.0 

-  1.9 

-  3.1 

4807 

-  16.3 

— 

36.0 

+  19.7 

888 

_ 

3.7 

-  2.2 

-  1.5 

5213 

-  22.5 

— 

39.1 

+  16.6 

891 



10.4 

-  2.2 

-  8.2 

5223 

-  25.0 

_ 

39.1 

+  14.1 

914 

+ 

3.9 

-  2.3 

+  6.2 

5684 

-  22.1 

— 

41.9 

+  19.8 

930 

_ 

3.9 

-  2.4 

-"1.5 

6143 

-  43.3 

— 

43.6 

+  0.3 

1328 

+ 

6.5 

-  4.6 

+  11.1 

+  9093 

-  23.6 

_ 

22.6 

-  1.0 

+  1769 

— 

9.5 

—  7.7 

-  1.8 

ELEMENTS   OF   2610  R  CANI8  MAJOlilS, 

By  .S.  C.  chandler. 


The  material  for  the  determination  of  the  elements  of 
R  Canis  Majoris  consists  of  the  following  minima  observed 
between  1887  and  1902: 


Yendell   18  minima 

Chandler   8 

Sawv 

ER      6 

DOBERCK     5 

' 

Epoch 

O— C  Obs. 

Epoch 

O— C 

Obs 

0 

-36.5:  S 

279 

-  14.8 

S 

14 

-  3.6:  S 

308 

+  29.0 

c 

21 

+  3.4  S 

904 

+  6.2 

Y 

22 

+  11.5:  S 

904 

(+133.5) 

H 

171 

-10.9  C 

911 

(+  80.0) 

H 

178 

+  11.4  C 

926 

(+  9.8) 

H 

179 

+  15.8:  C 

949 

-  11.1 

Y 

192 

+  16.8  C 

963 

22  1 

S 

236 

-  8.4  C 

985 

-  i'8.2 

Y 

257 

+  12.6:  C 

1272 

+  31.0 

Y 

Three  of  Sawyer's  I  have  derived  by  combining  his  1887 
observations  into  normals.  Hagen's  3  minima  {A.J.  212) 
are  uncertain  from  insufficiencj'  of  the  duration  of  observed 
intervals.  The  elements  of  the  Third  Catalogue  (-4../.  379) 
were  retained  in  the  "  Revision,  &c."  {A.J.  553)  because 
the  observations  during  the  last  ten  years  do  not  indicate 
any  certain  correction.  Comparison  with  the  whole  series 
of  individual  minima  follows. 


1574 

-37.7 

Y 

3483 

+  5.4 

D 

1589 

-23.0 

Y 

3484 

-  8.4 

D 

1618 

-54.0 

Y 

3497 

—  22.9 

D 

1905 

-  4.1 

Y 

3526 

-  9.8 

D 

1912 

+  11.6 

Y 

3527 

-  0.9 

D 

2523 

+  31.0 

Y 

4185 

+  35.4: 

Y 

2537 

+  32.3 

Y 

4680 

+  43.0  : 

c 

2545 

+  2.6 

Y 

4759 

+  17.3 

Y 

2552 

+  12.3 

Y 

4774 

+  21.7 

Y 

2564 

+  27.2 

Y 

4781 

+  22.1 

Y 

OCCULTATION  OF   a  TAURI  1904  MARCH  22, 

Immersion,   +6''  46"'  11'.3  ;  Emersion,  S*"  1'"  17M  Madison  Mean  Time.      Observed  with  the  finder  of  the  Clark 
equatorial  telescope  of  the  Washburn  Observatory,  aperture  89mm.,  magnifying  power,  20  diameters. 

Madison,  1904  Marrli  29.  GEORGE  C.  COMSTOCK. 
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Observations  of  the  Satellites  of  Saturn  in  1903,  by  C.  W.  Frederick. 
Elements  of  (1903  NF),  by  W.  T.  Carrigan  and  E.  D.  Tillyer. 

Corrections  to  Observations  of  Minor  Planets  (A.J.  5-56,  p.  :iZ),  by  Martin  Ebell. 
Comparison  of  the  New  Tables  of  Jupiter  and  Saturn,  by-  G.  W.  Hill. 
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OCCULTATION   OF   a  TaURI    1904   MARCH   22,    BY    GeORGE    C.    COMSTOCK. 


Associate  Edit 


Entered  February  : 


DGB  (Boston  Postal  Di; 
Pricb. 

tQ03.a/  Boston,  Mass., 


[-MONTHLY, 


iioo  THE  VoLDMK.  Press  OF  Thos.  P.  NiCHOLs.  Lynn.  Ma 

as  second-class  matter,  under  Act  of  Congress  of  .I/arch  3,  1S70- 


Closed  April  4. 


THE 


ASTRONOMICAL    JOURNAL. 

DED     BY     B.     A.     C 

No.  560. 


FOUNDED     BY     B.     A.     GOULD 


VOL.  XXIV. 


BOSTON.    1904    APRIL    11. 


NO.  8 


EPHE^ilERIDES   OF   LOXG-PERIOD   YAEIABLES,   1903   TO   1910, 

By  S.  C.  chandler. 


Following  is  an  ephemeris  of  dates  of  maxima  occurring 
before  1910  for  all  the  variables  of  long  period  (over  100 
days)  contained  in  the  Third  Catalogue  (.-1.J379)  accord- 
ing to  the  revised  elements  in  A.J.  553. 

The  first  column  gives  the  number  of  the  epoch;  the 
second  tlie  date  of  maximum  computed  from  the  elements 
to  the  nearest  tenth  of  a  day.  This  degree  of  precision  is 
used,  not  because  the  elements  warrant  it  as  a  matter  of 
prediction,  but  to  allow  accurate  comparison  with  future 
observed  data.  Following  the  ephemeris  of  maximum 
dates  is  the  value  J/— w,  of  the  interval  from  minimum 
to  maximum,  in  months  and  days  ;  the  subtraction  of  which 
from  any  of  the  times  of  maximum  will  give  the  time  of 
minimum  having  the  same  numbering  of  the  epoch.  On 
the  last  line  for  each  star  is  given  the  approximate  range 
of  magnitude  at  both  maximum  and  minimum  phases, 
separated  by  a  semi-colon. 


In  a  few  cases  where  the  elements  are  uncertain  the 
ephemeris  stops  short  of  the  general  limit,  1910.0. 

The  form  in  which  the  ephemeris  is  given  will  be  found 
convenient  by  the  observer  in  arranging  his  working  scheme 
of  observation,  since  it  will  readily  permit,  by  inspection, 
of  an  approximate  estimate  of  the  star's  magnitude  at  any 
given  time,  and  whether  its  brightness  will  be  found  in- 
creasing or  decreasing,  &c.  This  can  be  done  roughly  even 
when  the  value  of  M  —  m  is  not  stated,  by  bearing  in  mind 
that  this  interval  in  general  is  rather  less  than  one-half  the 
whole  period.  The  accuracy  of  such  an  estimate  of  the 
phase  will  of  course  be  assisted  by  some  knowledge  of  the 
general  form  of  the  light-curve  of  the  star,  but  even  with- 
out such  knowledge  a  guess  can  be  made  of  the  current 
phase  that  will  be  practically  helpful,  for  purposes  of 
identification  and  the  like. 


22.      V Sculptoris.    103.  TAndromedae. 
16  1903  Sept.  12.0  i  62  1903  June    4. 


17 

18 
19 
20 
21 
22 
23 


4  July    3.5' 

5  Apr.  25.0 

6  Feb.  14.5 
Dec.     7.0 

7  Sept.  28.5 

8  Julv  20.0 

9  Mav  11.5 


.1/  -  m  =  .    .    , 
9.     ;     <12. 


62. 
57 
58 
59 
60 
61 
62 
63 
M 


S.  Sculptoris. 
1903  Nov.  21. 

4  Nov.  21. 

5  Nov.  22. 

6  Nov.  23. 

7  Nov.  24. 

8  Nov.  24. 

9  Nov.  25. 
—  m  =  5""  9* 
6.     ;     10. 


4  Mar.   11. 
Dec.   17. 

5  Sept.  24. 

6  July    2. 

7  Apr.     9. 

8  Jan.   15. 
Oct.    22. 

9  July  30. 
m  =  4°'  19* 

:     13.? 


.    1'  Cassiopeae. 
1904  Feb.     3.5 

5  Apr.  22.0 

6  July     9.5 

7  Sept.  26.0 

8  Dec.  12.5 


110.     S  I'ucanae. 

21  1903  Oct.    17 

22  4  June  14, 

5  Feb.   10. 
Oct.     9. 

6  June 

7  Feb.     3, 
Oct.      2, 

8  May  30, 

9  Jan.  26, 
Sept.  24, 

m  =  2'"  14"  : 
8.5     ;     <11.5 

112.  R  Andromedae. 
40  1904  Feb.  27.0 


23 
24 
25 
26 
27 
28 
29 
30 
M 


M  —  m 


=  8'"  3" 
11.-12. 


41 
42 
43 
44 
45 
M 


5  Apr.     7.2 

6  May  18.3 

7  June  29.5 

8  Ausj.  10.9 

9  Sept.  24.5 
m  =  3'"  29'' 


,5-8.5 


<13. 


114.     5  Ceti. 
35  1903  Sept.  22.0 

4  Aug.    7.6 

5  June  24.2 

6  May  10.8 

7  Mar.  27.4 

8  Feb.   11.0 
Dec.  27.6 

9  Nov.  13.2 
jl/  -  TO  =  4"-  23" 

7.-8.     ;     12. 


146.    T  Sculptoris. 

25  1903  Oct.      5. 

26  4  Apr.  24. 

27  Nov.  12. 

5  June    2. 
Dec.  21. 

6  July  11. 

7  Jan.  29. 
Aug.  19. 

8  Mar.    8. 


146.  rScu/;;.-Cont. 

34  1908  Sept.  26. 

35  9  Apr.  16. 

36  Nov.    4. 


M- 


04d 


10. 


243.     U  Cassiopeae. 

22  1903  July  29. 

23  4  Apr.  30. 

5  Jan.  31. 
Nov.    3. 

6  Aug.     6. 

7  Mav     9. 

8  Feb.     9. 
Nov.  11. 

9  .\ug.  14. 

M  -  m  =  o"  9'' 
S.-9.     ;     <15. 


294.    W  Cassiopeae. 
14  1903  Apr.  10. 

4  May  18. 

5  June  26. 

6  Aug.    4. 

7  Sept.  12. 

8  Oct.    20. 

9  Nov.  28. 
.1/  —  m  =  6""  25'' 

8.5     ;     11.5 


401.      U  Sculptoris. 

19  1903  Sept.  19. 
12. 
6. 
30. 
23. 
16. 


(05) 


20 

4  Au- 

21 

5  Julv 

22 

6  Mav 

23 

7  Apr. 

24 

8  Mar. 

25 

9  Feb. 

M  - 

V 

=  .    . 

8 

5 

;    <i- 
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419.  U Andromedae. 

678.      U  Fersei. 

845.  R  Ceti.-Cont. 

1113.      V  Arietis. 

1386.      T  Eridani. 

1654.     R  Doradus. 

9  1903  July  28. 

15  1903  Jan.     8. 

86  1906  June  28. 

11   1903  Dec.  27. 

20  1903  Aug.  16. 

18  1903  Feb.  24. 

10         4  July  10. 

16            Nov.  22. 

87             Dec.  12. 

12         4  Dec.  31. 

21         4  Apr.  23. 

19         4  Feb.     4. 

11         5  June  23. 

17         4  Oct.      5. 

88         7  May  28. 

13         6  Jan.     5. 

22            Dec.  30. 

20         5  Jan.  14. 

12         6  June    6. 

18         5  Aug.  19. 

89            Nov.  11. 

14         7  Jan.  10. 

23         5  Sept.    7. 

21            Dee.  25. 

13         7  May  20. 

19         6  July    3. 

90         8  Apr.  26. 

15         8  Jan.  15. 

24         6  May  16. 

22         6  Dec.     5. 

14         8  May     2. 

20         7  May  17. 

91             Oct.    10. 

16         9  Jan.   19. 

25         7  Jan.  22. 

23         7  Nov.  15. 

15         9  Apr.  15. 

21         8  Mar.  30. 

92         9  Mar.  26. 

M  —  m  =  .    .    . 

26            Sept.  30. 

24         8  Oct.    25. 

M  -  vi^  .    .    .    . 

22         9  Feb.  11. 

93            Sept.    9. 

7.-8.5     ;     <11. 

27         8  June    7. 

25         9  Oct.     5. 

9.     ;     <13. 

23            Dec.  26. 

M-  m  =  2'"  9'' 

28        9  Feb.  13. 

21  -  m  =  3'"  9" 

M  -  m  =  5-"  13" 

7.5-9.     ;     13.5 

29            Oct.   22. 

5.7     ;     6.7 

7.-8.     ;     11.5 

1106.     A'  Ceti. 

M  -  in  =  S"-  19" : 

432.      S  Cassiopeae. 

893.      U  Ceti. 

26  1903  Jan.   18. 

7.     ;     11. 

1662.     R  Caeli. 

24  1903  June  20.7 

715.     S  Arietis. 

28  1903  Jan.     9.4 

27  July  19. 

28  4  Jan.   17. 

3  1903  Dec.     3. 

25         5  Feb.   24.1 

39  1903  May  27.8 

29            Sept.    2.2 

1577.     R  Tauri. 

4         5  Jan.     4. 

26         6  Oct.    31.0 

40         4  ]\Iar.  15.0 

30         4  Apr.  25.0 

29            July  17. 

46  1903  Apr.     7. 

47  4  Feb.  26. 

5         6  Feb.     6. 

27         8  June  29.1 

41         5  Jan.      1.2 

31             Dec.  16.8 

30         5  Jan.  15. 

6         7  Mar.  11. 

M  -  m  =  9"  6* 

42            Oct.   20.4 

32         5  Aug.    9.6 

31            July  16. 

48         5  Jan.   16. 

7         8  Apr.  12. 

6.5-8.5     ;     <13. 

43         6  Aug.    8.6 

33         6  Apr.     2.4 

32         6  Jan.   14. 

49            Dec.     7. 

8         9  May  15. 

44         7  May  27.8 

34            Nov.  24.2 

33            July  15. 

50         6  Oct.   28. 

21  —  m  =  .    .    . 

45         8  Mar.  15.0 

35         7  July  18.0 

34         7  Jan.   13. 

51  7  Sept.  18. 

52  8  Aug.    8. 

53  9  June  29. 

7.5     ;     10.5 

434.     5  Fiscium. 

46         9  Jan.     1.2 

36         8  Mar.    9.8 

35            July  14. 

34  1903  Aug.  18.8 

47            Oct.    20.4 

37             Nov.    0.6 

36         8  Jan.  12. 

1701.     R  Fictoris. 

35  4  Sept.  28.9 

36  5  Nov.  10.3 

M-M,  =  5"  13"' 
9.-10.     ;     14.  ? 

38         9  June  24.4 
M  -m  =  4'"  0": 

37  July  12. 

38  9  Jan.  10. 

M-  m  =  4™  18"  : 

7  1903  Mar.  31. 

8  Sept.    2. 

37        6  Dec.  22.7 

7.     ;     12. 

39            July  11. 

7.5-9.   ;    12.5-13.5 

9         4  Feb.     9. 

38  8  Feb.     3.1 

39  9  Mar.  16.4 

782.     R  Arietis. 
72  1903  June    8.9 

906.    R  Trianguli. 

M  -  m  =  2™  15" 
9.5     ;     <12.5 

1582.     S  Tauri. 

10  July  18. 

11  Dec.  25. 

31—  m  =  5"  ll*: 

73            Dec.  12.1 

17  1903  Mar.  13. 

42  1903  Feb.     4.4 

12         5  June    3. 

8.-9.     ;     <15. 

74         4  June  15.4 

18            Dec.     6. 

43         4  Feb.     6.6 

13            Nov.  10. 

75            Dec.  18.7 

19         4  Aug.  30. 

1  009          R   Ppr<p! 

44         5  Feb.     7.6 

21  —  TO  =     .      .      . 

76         5  June  23.0 

20         5  May  25. 

Xww^.           JL    ±    VlOCt. 

45         6  Feb.     9.3 

8.     ;     9.5 

466.      U  Pisciuvi. 

77             Dec.   26.4 

21         6  Feb.  17. 

72  1903  Mar.    0.5 

46         7  Feb.  10.6 

49  1903  Mar.  19.1 

78         6  June  30.9 

22            Nov.  1-2. 

73            Sept.  28.8 

47         8  Feb.   11.7 

1717.      V  Tanri. 

50            Sept.    8.0 

79         7  Jan.     3.5 

23         7  Au?.     7. 

74  4  Apr.  28.1 

75  Nov.  26.5 

76  5  June  26.9 

77  6  Jan.  25.2 

78  Aug.  25.5 

79  7  Mar.  25.G 

80  Oct.    23.6 

81  8  May  22.4 

82  Dec.  20.0 

48         9  Feb.  11.4 

65  1903  Jan.     1.5 

51         4  Feb.  27.9 

80            July    9.0 

24         8  May     1. 

21  -  m  =  2"'  9"  : 

66            June  20.6 

52            Aug.  18.8 

81         8  Jan.  11.6 

25         9  Jan.  24. 

9.5     ;     <13.5 

67            Dec.     7.7 

53         5  Feb.     7.7 

82            July  16.3 

26            Oct.    19. 

68         4  May  25.8 

54            July  30.(; 

83         9  Jan.  19.1 

J/  -  VI  =  4-"  1" 

1623.      T  Camelop. 

69            Nov.  11.9 

55         6  Jan.   19.5 

84            July  24.9 

6.-7.     ;     11.5 

11  1903  Feb.  15. 

70         5  May     1.0 

56            July  11.4 

M  -  „i  =  3™  0^5 

12         4  Feb.  20. 

71             Oct.    18.1 

57         7  Jan.     0.3 

7.5-9.     ;    11.5-13. 

976.      T  Anetis. 

13         5  Feb.  24. 

72         6  Apr.     6.2 

58  June  22.2 

59  Dec.  12.1 

806.     0  Ceti. 

35  1903  Mar.  30. 

36  4  Feb.     6. 

83         9  July  19.4 

14  6  Mar.     1. 

15  7  Mar.     6. 

73  Sept.  23.3 

74  7  Mar.  12.4 

60         8  June    2.0 

1904  Mar.  30.2 

37            Dec.  15. 

31  —  ?ft  =  S"  5* 

16         8  Mar.  10. 

75            Aug.  29.5 

61            Nov.  21.9 

5  Feb.  25.0 

38         5  Oct.    24. 

7.5-9.     ;     13. 

17         9  Mar.  15. 

76         8  Feb.   15.6 

62         9  May  13.8 

6  Jan.  22.4 

39         6  Sept.    2. 

J/  _  TO  =   .     .     . 
7.-8.     ;     <12. 

77            Aug.    3.7 

63            Nov.    2.7 
.1/_m  =  2"'  22" 

Dec.   19.6 
7  Nov.  15.5 

40  7  July  12. 

41  8  May  20. 

1357.      U  Eridani. 

78  9  Jan.  20.8 

79  July     9.9 

10.     ;     15. 

8  Oct.    11.3 

42         9  Mar.  29. 

25  1903  Feb.  28. 

80            Dec.  27.0 

9  Sept.    6.9 

M-  M  =  4'»  5* 

26            Oct.    25. 

1635.     RReticuli. 

21 -m=  3"  1" 

il/  —  m  =  4™  4"'  ± 

8.     ;     9.5 

27         4  June  20. 

51  1903  Feb.  15.5 

8.5-9.5     ;     <13.5 

513.     B  Piscium. 

2.-5.     ;     8.-9.5 

28         5  Feb.  14. 

52            Nov.  22.0 

39  1903  Aug.  27.7 

1018.   RHorologii. 

29            Oct.    11. 

53         4  Aug.  27.5 

1761.     R  Orio7iis. 

40         4  Aug.    6.0 

845.     R  Ceti. 

13  1903  Nov.  25. 

30         6  June    7. 

54         5  June    3.0 

47  1903  Dec.  16.5 

41         5  July  16.3 

79  1903  Apr.  16. 

80  Sept.  30. 

81  4  Mar.  15. 

14         5  Jan.     3. 

31         7  Feb.     1. 

55         6  Mar.    9.5 

48         4  Dec.  29.0 

42         6  June  25.6 

15         6  Feb.   12. 

32            Sept.  28. 

56            Dec.  14.0 

49         6  Jan.  11.5 

43         7  June    4.9 

16         7  Mar.  24. 

33         8  ]\ray  24. 

57         7  Sept.  19.5 

50         7  Jan.  25.0 

44         8  May  14.2 

82            Aug.  29. 

17  8  May     2. 

18  9  June  11. 

34         9  Jan.  18. 

58         8  June  25.0 

51         8  Feb.     7.5 

45         9  Apr.  23.5 

83         5  Feb.  12. 

35            Sept.  14. 

59         9  Apr.     0.5 

52         9  Feb.  20.0 

J/  _  »i  =  4"  21"' 

84            July  29. 

21  -  TO  =  5"  2^ 

J/_TO  =  4"'  2* 

2I-rn  =  .    .    . 

21-  ^;^  =  5™  16" 

7.-9.     ;     <13. 

85         6  Jan.  12. 

6.     ;     10. 

8.5     ;     11.5< 

7.     ;     <13. 

9.     ;     11.-13.5 

560 


THE     ASTRONOMICAL     JOURNAL 


67 


1771.     R  Leporis. 

33  1903  Aug.    1.0 

34  4  Oct.    10.1 

35  5  Dec.  20.2 

36  7  Mar.     1.3 

37  8  May  10.4 

38  9  July  20.5 
M  _  m  =  6"  29'' 

6.-7.     ;     8.5  ? 

1803.      T  Leporis. 

14  1903  Sept.  25. 

15  4  Sept.  19. 

16  5  Sept.  14. 

17  6  Sept.    9. 

18  7  Sept.    4. 

19  8  Aug.  29. 

20  9  Aug.  24. 
M-m=    .    .    . 

8.     ;     11. 

1805.      V  Ononis. 

17  1903  July  21. 

18  4  Apr.  13. 

19  5  Jan.     5. 
•^0  Sept.  29. 

21  6  June  23. 

22  7  Mar.  17. 

23  Dec.     9. 

24  8  Sept.    1. 

25  9  May  26. 
M  -  m  =  4"  3'' 

8.4  ;     <13. 

1850.     SPictoris. 

7  1903  Feb.  16.0 

8  4  Apr.  19.5 

9  5  June  22.0 

10  6  Aug.  24.5 

11  7  Oct.    27.0 

12  8  Dec.  28.5 

J/_  TO  =    .     .     . 

8.5  :     <13. 

1855.     a  Aurigae. 

32  1903  Jan.  28.2 

33  4  Apr.  29.9 

34  5  Aug.    1.5 

35  G  Nov.    3.9 

36  8  Feb.     7.1 

37  9  May  13.1 
M-  m  =  7™  22" 

6.5-«.     ;     12.5 

1894.  TColinnbae. 

22  1903  Apr.  17. 

23  Nov.  28. 

24  4  July  10. 

25  5  Feb.   20. 

26  Oct.      3. 

27  6  Mav  16. 

28  Dec.  27. 


1894.  TCol.-Gont. 

29  1907  Aug.    9. 

30  8  Mar.  21. 

31  Nov.    1. 

32  9  June  14. 
M-  m  =  3°'  14" 

7.5     :     11.5 

1944.     .5  Orionis. 

30  1904  Jan.     5. 

31  5  Feb.  21. 

32  6  Apr.  11. 

33  7  May  28. 

34  8  July  14. 

35  9  Aug.  31. 
J/_TO  =  6"'  11" 

8.5-9.5    ;    11.-13. 

2013.      U  Aurigae. 

11  1903  Apr.     8.5 

12  4  May  18.0 

13  5  June  27.5 

14  6  Aug.    7^0 

15  7  Sept.  16.5 

16  8  Oct.   26.0 

17  9  Dec.  5.5 
M  —  m  =  .    .    . 

8.5     ;     12. 

2059.   S  Columbae. 

17  1903  Jan.  18. 

18  Dec.  11. 

19  4  Nov.    2. 

20  5  Sept.  25. 

21  6  Aug.  IS. 

22  7  July  11. 

23  8  June    2. 

24  9  Apr.  25. 
J/_  m=  .    .    . 

8.     ;     <10. 

2100.      U  Orionis. 

17  1903  May  17. 

18  4  May  26. 

19  5  June    5. 

20  6  June  15. 

21  7  June  25. 

22  8  July    4. 

23  9  Joly  14. 
j)/_wi  =  4"'  26" 
6.5-7.5     ;     <12. 

2141.    B  Octantis. 

3  1903  Feb.   14. 

4  4  Jan.   10. 

5  Dec.     5. 

6  5  Oct.    31. 

7  6  Sept.  26. 
M  —  m.  =  .    .    . 

7.5     ;     <11. 


2266.  VMonocerotis. 
22  1903  Feb.  11. 


26 


29 


4  Jan.     9. 
Dec.     6. 

5  Nov.    3. 

6  Oct.      1. 

7  Aug.  29. 

8  July  26. 

9  June  23. 


J/  —  TO  =  5" 
6.5     ;     10.; 


.'445.  WMonocerotis. 

21  1903  Jan.  14.5 

22  Oct.  4.0 

23  4  June  22.5 

24  5  Mar.  12.0 

25  Nov.  29.5 

26  6  Aug.  19.0 

27  7  May  8.5 

28  8  Jan.  26.0 

29  Oct.  14.5 

30  9  July  4.0 
M-m = . . . 


2539.  R  Canis  min. 
48  1903  July    2.6 


49 
50 
51 
52 
53 
54 
55 
M- 


4  June    4.3 

5  aiav     8.0 

6  Apr.   10.7 

7  Mar.  14.4 

8  Feb.   15.1 

9  Jan.   17.8 
Dec.  21.5 

m  =  4'°  8" : 
,     ;     9.5-10. 


8.8 


<10. 


2478.     R  Lijncis. 

28  1903  Oct.  18.6 

29  4  Nov.    4.2 

30  5  Nov.  22.0 

31  6  Dec.     9.8 

32  7  Dec.  27.4 
.33  9  Jan.  12.5 

M  -  m  =  6-"  30 
8.     ;     <13. 

2o2B.RGeniinortim.. 

35  1903  June  27.7 

36  4  July    3.2 

37  5  July  10.1 

38  6  July  17.3 

39  7  July  24.8 

40  8  Aug.    0.6 

41  9  Aug.    8.6 
il/-OT=4'»  0" 

6.5-8.     ;     <13.5 

2530.  F  Canis  min. 

14  1903  Sept.    4. 

15  4  Sept.    2. 

16  5  Sept.    1. 

17  6  Aug.  31. 
IS  7  Aug.  30. 

19  8  Aug.  28. 

20  9  Aug.  27. 
M- w  =  .    .    . 

10.3     ;     <13.7 


2583.     L„  Fupi)is. 

81  1903  Apr.  27.2 

82  Sept.  14.4 

83  4  Feb.     1.6 

84  June  20.8 

85  Nov.    8.0 

86  5  Mar.  28.2 

87  Aug.  15.4 

88  6  Jan.     2.6 

89  May  22.8 

90  Oct.    10.0 

91  7  Feb.  27.2 

92  July  17.4 

93  Dec.     4.6 

94  8  Apr.  22.8 

95  Sept.  10.0 

96  9  Jan.  2S.2 

97  June  17.4 

98  Nov.    4.6 
M-  w=_l"'  29" 

3.5     ;  '  6.3 

2625.  VGeminornm. 

31  1903  July  14. 

32  4  Apr.  15. 

33  5  Jan.   16. 

34  Oct.    19. 

35  6  July  22. 

36  7  Apr.  24. 

37  8  Jan.  25. 

38  Oct.    27. 

39  9  July  30. 
M-m  =4"  10" 
8.-9.     ;     12.-14. 

2684.  S  Canis  min. 

44  1903  Feb.  10.0 

45  4  Jan.     2.5 

46  Nov.  24.4 

47  5  Oct.    17.9 

48  6  Sept.  11.1 

49  7  Aug.    6.1 

50  8  July     1.0 

51  9  May  27.7 
M-  m  =5"'  12" 
7.-S.  ;  10.5-12.5 


2691.  T  Canis  min. 

38  1903  Oct.    12.6 

39  4  Aug.  30.3 

40  5  July  19.0 

41  6  June    6.7 

42  7  Apr.  25.4 

43  8  Mar.  1.3.1 

44  9  Jan.  29.8 

45  Dec.  18.5 
JI—  m  =  .    .    . 

9.-10.5     ;     <13.5 

2735.  U  Canis  min. 

21  1903  Sept.  12. 

22  4  Oct.    26. 

23  5  Dec.   10. 

24  7  Jan.  24. 

25  8  Mar.    9. 

26  9  Apr.  23. 
J/_OT=5">  23" 

8.5-9.  ;  12.5-13.5 

2742. 5Gemi«orum. 

64  1903  Aug.  22.2 

65  4  June  11.0 

66  5  Apr.    0.8 

67  6  Jan.  19.6 

68  Nov.    9.4 

69  7  Aug.  30.2 

70  8  June  19.0 

71  9  Apr.     8.8 
iW  _  w  =  3°>  29* 

8.5     ;     <13.5. 

2776.      W  Puppis. 

21  1903  Feb.   19.2 

22  June  20.0 

23  Oct.    18.8 

24  4  Feb.   16.6 

25  June  16.4 

26  Oct.    15.2 

27  5  Feb.    13.2 

28  June  13.8 

29  Oct.    12.6 

30  6  Feb.   10.4 
il/-m  =  l"'  24" 

7.6     ;     12.0 

2780.  TGeminorum. 

69  1903  May  13.4 

70  4  Feb.  25.5 

71  Dec.     9.6 

72  5  Sept.  23.7 

73  6  July     S.8 

74  7  Apr.  22.9 

75  8  Feb.     5.0 

76  Nov.  19.1 

77  9  Sept.    3.2 
M - m= . . . 

8.5     ;     <13.5 


2857.      UPvppis. 

26  1903  Aug.  11. 

27  4  June  21. 

28  5  Mav     2. 

29  6  Mar.  13. 

30  7  Jan.  22. 

31  Dec.     3. 

32  8  Oct.    13. 

33  9  Aug.  24. 
21 -m  =  .    .    . 


8.5-9. 


<14. 


2946.     R  Cancri. 

52  1903  Nov.  17.7 

53  4  Nov.  12.7 

54  5  Nov.    8.2 

55  6  Nov.    2.8 

56  7  Oct.    28.0 

57  8  Oct.    20.5 

58  9  Oct.    13.6 
Jf-/H=4°-  3" 
6.-8.  ;     <11.7 

2976.      r  Cancri. 

43  1903  June    2.3 

44  4  Mar.     0.4 

45  Nov.  27.5 

46  5  Aug.  26.6 

47  6  May  25.7 

48  7  Feb.   21.8 

49  Nov.  20.9 

50  8  Aug.  19.0 

51  9  May  18.1 
M-  m  =3"  25" 

7. -8.     :     <12. 

3060.      U  Ciincri. 

60  1903  May  27. 

61  4  Mar.  27. 

62  5  Jan.  26. 

63  Nov.  27. 

64  6  Sept.  28. 
63         7  July  30. 

66  8  May  30. 

67  9  Mar  31. 
M-  m  =  .    .    . 

S.5-10.5     ;     <14. 

3128.     R  Pt/xidis. 

14  1903  July  24. 

15  4  July  13. 

16  5  July     3. 

17  6  June  23. 
IS  7  June  13. 

19  8  June    2. 

20  9  May  23. 
.1/ -  w  =  .    .    . 

"S.     ;     <11. 


G8 
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3170.     S  Hydrae. 

66  1903  June    9 

67  4  Feb.   20 

68  Nov.    2 

69  o  July  16 

70  6  Mar.  29 

71  Dec.  10 

72  7  Aug.  23 
7;3         8  May     5 

74  9  Jan.  16, 

75  Sept.  29 
21-  w  =  3'"  9* 

7.5-8.0     ;     <12. 

3184.      T  Hydrae. 

57  1903  Mar.  26.6 

58  4  Jan.     9.4 

59  Oct.    24.2 

60  5  Aug.    9.0 

61  6  May  24.8 

62  7  Mar.     9.6 

63  Dec.  23.4 


64 


8  Oct. 


65        9  July  23.0 

M  -m=  .    .    . 

7.-8.     ;     <13. 

3186.      T  Cancri. 
Minima. 

35  1904  Apr.     5. 

36  5  July  31. 

37  6  Nov.  25. 

38  8  Mar.  21. 

39  9  July  16. 
M  —  m  =  .    .    . 

8.     ;     9.5-10.5 

3264.      W  Cancri. 

12  1903  June  24 

13  4  July  11 

14  5  July  29 

15  6  Aug.  16 

16  7  Sept.    3 

17  8  Sept.  20 

18  9  Oct.  8 
M  —  wi  =  .  .  . 
9.-9.5     ;     <13. 

3418.  H  Carinae. 
38  1903  Oct.      1.3 

o9  4  Aug.    5.5 

40  5  June  11.3 

41  6  Apr.  17.7 

42  7  Feb.  22.7 

43  8  Jan.     0.3 

44  Nov.    6.3 

45  9  Sept.  15.8 
M  —  m  =  4"'  14* 

4.5-5.5    ;    9.5-10. 


3425.     X  Hydrae. 

14  1903  July  28. 

15  4  May  19. 

16  5  Mar.  11. 

17  0  Jan.     1. 

18  Oct.    24. 

19  7  Aug.  16. 

20  8  June    7. 

21  9  Mar.  30. 
M  -  m  =  .    .    . 

8.5     ;     12. 

3477.  RLeonis  min. 

38  1903  Sept.  16.1 

39  4  Sept.  23.5 

40  5  Oct.      2.2 

41  6  Oct.    11.0 

42  7  Oct.    20.0 

43  8  Oct.   28.0 

44  9  Nov.    5.8 
M  -  m  =  5-"  13" 

6.-8.     ;     13. 

3493.     B  Leonis. 

171  1903  Oct.     7.8 

172  4  Aug.  15.6 

173  5  June  24.4 

174  6  May     3.2 

175  7  Mar.  12.0 

176  8  Jan.   18.8 

177  Nov.  26.6 

178  9  Nov.     5.4 
31  -  m  =  4™  22" 

5.-6.5     ;     9.5-10. 

3567.      V  Leonis. 

28  1903  Mar.  17.8 

29  Dec.  15.9 

30  4  Sept.  14.0 

31  5  June  14.1 

32  6  Mar.  14.2 

33  Dec.   12.3 

34  7  Sept.  11.4 

35  8  June  10.5 

36  9  Mar.  lO.G 

37  Dec.     8.7 
M  -  m  =  .    .    . 

8.5     ;     <13.5 

3637.  S  Carinae. 

76  1903  Apr.  18.2 

77  Sept.  13.9 

78  4  Feb.     9.6 

79  July    7.3 

80  Dec.     3.0 

81  5  May     0.7 

82  Sept.  26.4 
S3         6  Feb.  22.1 

84  July  20.8 

85  Dec.  16.5 

86  7  May  14.2 

87  Oct.      9.9 


3637.  SCar.-Cont. 

88  1908  Mar.    6.6 

89  Aug.    2.3 

90  Dec.  29.0 

91  9  May  26.7 

92  Oct.    22.4 
M  -  m  =  2"'  25" 

6.     ;     9. 

3662.     Z  Carinae. 

3  1903  Dec.     9. 

4  5  Jan.     6. 

5  6  Feb.     4. 

6  7  Mar.    5. 
j/_  ,«  =  .    .    . 

9.5     ;     12. 

3825.  RUrsaeMaj. 

61  1903  Sept.  21.3 

62  4  July  19.9 

63  5  May  19.4 

64  6  Mar.  18.9 

65  7  Jan.  16.4 

66  Nov.  15.5 

67  8  Sept.  13.6 

68  9  July  13.5 
J/_m  =  3'"  19"> 
6.-8.     ;     12.5-13. 

3994.     S  Leonis. 

82  1903  June  25.0 

83  4  Jan.     0.5 

84  July    8.0 

85  5  Jan.  13.5 

86  July  22.0 

87  6  Jan.  27.5 

88  Aug.    5.0 

89  7  Feb.  10.5 

90  Aug.  19.0 

91  8  Feb.  24.5 

92  Sept.    1.0 

93  9  Mar.    9.5 

94  Sept.  15.0 
M  -  VI  =3-"  2" : 

9.-10.     ;     <13. 

4225.  A'  Centauri. 

16  1903  Mar.    0. 

17  4  Jan.     8. 

18  Nov.  17. 

19  5  Sept.  27. 

20  6  Aug.    7. 

21  7  June  17. 

22  8  Apr.  26. 

23  9  Mar.    6. 
M-  /«  =  4™  18" 

7.7     ;     12.4 


4260.    W  Centauri. 

26  1903  Oct.    24. 

27  4  May  14. 

28  Dec.     3. 

29  5  June  24. 

30  6  Jan.   13. 

31  Aug.    4. 

32  7  Feb.  23. 

33  Sejit.  14. 

34  8  Apr.     4. 

35  Oct.    24. 

36  9  May  15. 

37  Dec.     4. 
M  -  m  =  .    .    . 

8.5     ;     13. 

4315.     li  Comae. 

47  1903  July  12.6 

48  4  July     8.4 

49  5  July     5.2 

50  6  July     2.0 

51  7  June  28.8 

52  8  June  24.6 

53  9  June  21.4 
31 -m  =3"'  29": 
7.5-8.     ;     <13.5 

4377.     T  Virginis. 

45  1903  Feb.  22.5 

46  4  Jan.  28.0 

47  5  Jan.     1.5 

48  Dec.     7.0 

49  6  Nov.  11.5 

50  7  Oct.    17.0 

51  8  Sept.  20.5 

52  9  Aug.  26.0 
31-  m  =  5">  0": 
8.-9.     ;     10.-13.5 

4407.     R  Corvi. 

40  1903  Apr.  11.0 

41  4  Feb.  23.5 

42  5  Jan.     7.0 

43  Nov.  21.5 

44  6  Oct.      6.0 

45  7  Aug.  20.5 

46  8  July    4.0 

47  9  May  18.5 
31-  m  =  .    .    . 
7.-7.5     ;     <11.5 

4488.   U  Centauri. 

6  1903  Aug.  19.8 

7  4  Mar.  23.6 

8  Oct.    26.4 

9  5  June  0.2 
10  6  Jan.  3.0 
31  -  ni  =3™  15"  ? 

9.     :     11.3 


4492.    Y  Virginis. 

34  1903  July  23.2 

35  4  Feb.  27.0 

36  Oct.      2.8 

37  5  May     9.6 

38  Dec.  14.4 

39  6  July  21.2 

40  7  Feb.  25.0 

41  Oct.      1.8 

42  8  May     7.6 

43  Dec.  12.4 

44  9  July  19.2 
J/  -  TO  =  2"'  24"  : 
8.-9.5    ;    11.5-13. 

4511.  TUrsaeJIaj. 

60  1903  Jan.     2.8 

61  Sept.  17.2 

62  4  June    1.2 

63  5  Feb.  14  6 

64  Nov.    0.4 

65  6  July  17.7 

66  7  Apr.     3.2 

67  Dec.   19.1 

68  8  Sept.    4.2 

69  9  May  22.5 
lf_w  =  3">  16" 

6.-8.5     ;     12.-13. 

4521.     RVirginis. 

236  1903  May     7.4 

237  Sept.  29.7 
2.38        4  Feb.  22.1 

239  July  16.5 

240  Dec.     9.0 

241  5  Maj-     3.5 

242  Sept.  26.2 

243  6  Feb.  18.8 

244  July  14.6, 

245  Dec.     7.4 

246  7  May     2.3 

247  Sept.  25.2 

248  8  Feb.  19.2 
:49  July  13.3 

250  Dee.     6.4 

251  9  May     1.6 

252  Sept.  24.6 
J/- 7/1  =  2-  7".5 
6.5-8.     ;     9.5-11. 

4557.  <S  Ursae  3Iaj. 

69  1903  Mar.     9^8 

70  Oct.    19.5 

71  4  May  30.2 

72  5  Jan.     9.3 

73  Aug.  21.4 

74  6  Apr.     2.8 

75  Nov.  13.5 

76  7  June  26.4 

77  8  Feb.     6.7 

78  Sept.  19.2 

79  9  May     3.0 
31—  m  =  3"  17" 
7.-8.     :     10.-11. 


4596.      U  Virginis. 
65  1903  Mar.  24.5 


66 

Oct. 

26.6 

67 
68 

4  .May 
Dec. 

19.7 
11.8 

69 

5  July 

5.9 

70 

6  Jan. 

28.0 

71 
72 

Aug. 
7  Mar. 

22.1 

73 

Oct. 

8.2 

74 
75 

8  Jlay 
Nov. 

1.2 
23.2 

76 

9  June 

17.3 

31- 

m  =  2"> 

27" 

8.     ;     12.5 

4816.      V  Virginis. 

63  1903  May     3.0 

64  4  Jan.     8.5 

65  Sept.  15.0 

66  5  May  23.5 

67  6  Jan.  29.0 

68  Oct.      6.5 

69  7  June  14.0 

70  8  Feb.  19.5 

71  Oct.    27.0 

72  9  July    4.5 
31  —  m  =   .    .    . 

8.-9.     ;     <13. 

4826.     B  Hydrae. 

10  1903  Jan.  15.6 

11  4  Mar.     8.6 

12  5  Apr.  30.0 

13  6  June  21.0 

14  7  Aug.  11.5 

15  8  Oct.      0.4 

16  9  Nov.  20.0 
31-  m=  6-"  7" 
3.5-5.5     ;     9.7 

4847.     S  Virginis. 

50  1903  Aug.  25.0 

51  4  Sept.    4.9 

52  5  Sept.  16.8 

53  6  Sept.  28.7 

54  7  Oct.    10.6 

55  8  Oct.    21.5 

56  9  Nov.    2.4 
31—  m  =  5"'  5*  : 

6.-S.     ;     12.5 

4940.      W  Hydrae. 

14  1903  Nov.  28. 

15  4  Dec.     6. 

16  5  Dec.  25. 

17  7  Jan.  13. 

18  8  Feb.     1. 

19  9  Feb.   19. 
31-  m  =  .    .    . 

6.7     :     8.0 
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4948.  R  Can.  Venat. 

17  190;i  Oct.    15. 

18  4  Sept.  12. 

19  5  Aug.  11. 

20  G  July  10. 

21  7  June    8. 

22  8  May     6. 
2o         9  Apr.     4. 

J/  _  ,„  =  .    .    . 
6.-7.     ;     11.5 

5037.   RtiVlr/jinls. 

40  1903  Feb.  17. 

41  Sept.  22. 

42  4  Apr.  26. 

43  Nov.  29. 

44  5  July     4. 

45  6  Feb.     6. 

46  Sept.  11. 

47  7  Apr.  16. 

48  Nov.  19. 

49  8  June  23. 

50  9  Jan.  26. 

51  Aug.  31. 
M  -  in.  =  .    .    . 
11.-12.     :     <14. 

5070.  2  Virginis. 

27  1903  Feb.     7.5 

28  Dec.  12.0 

29  4  Oct.    14.5 

30  5  Aug.  18.0 

31  6  June  21.5 

32  7  Apr.  25.0 

33  8  Feb.  26.5 

34  Dec.  30.0 

35  9  Nov.     2.5 
M -m=  .    .    . 
9.5-11.     ;     <14 

5095.     R  Centauri. 

72  1903  Jan.   14.0 

73  June  23.5 

74  Dec.     1.0 

75  4  May     9.5 

76  Oct.    17.0 

77  5  ;\Iar.  26.5 

78  Sept.    3.0 

79  6  Feb.  10.5 

80  July  21.0 

81  Dec.  28.5 

82  7  June    7.0 

83  Nov.  14.5 

84  8  Apr.  23.0 

85  Oct.      0.5 

86  9  Mar.  10.0 

87  Aug.  17.5 
.)/  —  m  =  2"'  0'' : 

6.0-6.3     ;    8.7-9.8 


5157.     S  Bootis.     52S7.IiBootis.-Gon. 


54  1903  Feb.  27.1 

55  Nov.  29.5 

56  4  Aug.  12.9 

57  5  May     6.4 

58  6  Jan.  28.0 

59  Oct.    21.8 

60  7  July  15.4 

61  8  Apr.     7.4 

62  Dec.  30.5 

63  9  Sept.  23.7 
J/  _  m  =  4™  lO-i 
7.7-8.5  ;  12.5-13. 

5174.  RS  Virglnis. 

13  1903  Jan.  10. 

14  Dec.  31. 

15  4  Dec.  20. 

16  5  Dec.  10. 

17  6  Nov.  30. 

18  7  Nov.  20. 

19  8  Nov.    9. 

20  9  Oct.    30. 
J/_  m  =  .    .    . 

8.2     ;     12.  ? 

5190.     R  Camelop. 

45  1903  Feb.     8.5 

46  Nov.    8.5 

47  4  Aug. 

48  5  May     6.8 

49  6  Feb.     3.1 

50  Nov.     2.1 

51  7  Aug.    0.9 

52  8  Apr.  28.4 

53  9  Jan.  24.6 

54  Oct.    22.5 
M—m  =4'"  20* 
7.-8.5    :    12.-13.5 

5194.      V  Bootis. 

27  1903  Aug.    4. 

28  4  Apr.   16. 

29  Dec.  28. 

30  5  Sept.  10. 

31  6  May  24. 

32  7  Feb.     4. 

33  Oct.    18. 

34  8  June  30. 

35  9  Mar.  13. 

36  Nov.  24. 
Jf-  /«  =  3""  11" 

7.-7.5  ;  9.-10.5 

5237.     7?  Bootis. 

73  1903  Feb.     4.1 

74  Sept.  16.2 

75  4  Apr.  27.2 

76  Dec.     6.7 

77  5  July  18.1 

78  6  Feb.  26.3 

79  Oct.      7.3 


80  1907  May  18.0 

81  Dec.  26.5 

82  8  Aug.    4.9 

83  9  Mar.  15.2 

84  Oct.    23.5 
M  -  m  =  3"  10".  5 

6.-8.     ;     11.-12. 

5249.      r  Librae. 

30  1903  Apr.  30.0 

31  4  Jan.  10.2 

32  Sept.  21.4 

33  5  June    3.6 

34  6  Feb.   13.8 

35  Oct.    27.0 

36  7  July    9.2 

37  8  Mar.  20.4 

38  Dec.     0.6 

39  9  Aug.  12.8 
M  -  m.  =  3-"  28"  : 


9.3 


12.2 


5321.     SLupi. 

13  1903  Nov.  17. 

14  4  Oct.    27. 

15  5  Oct.      7. 

16  6  Sept.  17. 

17  7  Aug.  28. 

18  8  Aug.    7. 

19  9  July  18. 
M-  VI  =    .    .    . 

9.7     ;     <12. 

5338.      V  Bootis. 

47  1903  Jan.     5.o 

48  '       July    2.0 

49  Dec.  26.5 

50  4  June  21.0 

51  Dec.   15.5 

52  5  June  11.0 

53  Dec.     5.5 

54  6  June    1.0 

55  Nov.  25.5 

56  7  May  22.0 

57  Nov.  15.5 

58  8  M<iy  11.0 

59  Nov.    4.5 

60  9  May     1.0 

61  Oct.    25.5 
^f-  w  =3"'  4" 

9.-10.    ;    12.-13.5 

5396.     ^'^  .Aimdis. 

4  1903  Sept.  30. 

5  4  July  24. 

6  5  May  IS. 

7  6  Mar.  12. 
M  -  m  =  .    .    . 

9.     ;     <11.5 


5405.  Ml'  Librae. 

13  1903  July  15. 

14  4  Mar.  23. 

15  Nov.  30. 

16  5  Aug.    9. 

17  6  Apr.  18. 

18  Dec.  26. 

19  7  Sept.    4. 

20  8  May  13. 

21  9  Jan.  20. 

22  Sept.  29. 
M- m= . . . 

8.5  ;     11.7< 


5430.     T  Librae. 

38  1903  Feb.     3. 

39  Sept.  29. 

40  4  May  24. 

41  5  Jan.   17. 

42  Sept.  12. 

43  6  May     8. 

44  7  Jan.     1. 

45  Aug.  27. 

46  8  Apr.  21. 

47  Dec.   15. 

48  9  Aug.  10. 
3L-  V 
9.-10. 


M  -  m 
8.5 


12. 


:  3"'  14" 
<14.7 


5438.      Y  Librae. 

56  1903  Mar.    7. 

57  Dec.     4. 

58  4  Sept.    1. 

59  5  May  31. 

60  6  Feb.  27. 

61  Nov.  26. 

62  7  Aug.  25. 

63  8  May  23. 

64  9  Feb.   19. 

65  Nov.  18. 


5494.     S  Librae. 
55  1903  May  22.6 


56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 


Nov.  30.6 

4  June    9.7 
Dec.  18.8 

5  June  28.9 

6  Jan.     7.0 
July  18.1 

7  Jan.  26.2 
Aug. 

8  Feb. 
Aug. 

9  Mar. 
Sept.  1 

,„  =  3"'  2 


5501.     S  Serpentis.  <5592.WLil»-ae-CoD. 
75  1903  Sept.    7.5    48  1905  May  24.0 

4  Sept.  18.1    49  Dec.   15.5 

5  Sept.  29.6    50         6  July    9.0 

6  Oct.    11.0    51         7  Jan.  30.5 

7  Oct.    22.3    52  Aug.  24.0 

8  Nov.     1.4    53         8  Mar.  16.5 

9  Nov.  12.4  i  54  Oct. 
55         9  May 

Nov 


76 


31-  ni 
7.5-8.5 


12.5? 


5504.     SCoronae. 
43  1903  Mar.  11.3 


56 
M- 


8.0 

1.5 

23.0 


44 
45 
46 
47 
48 
49 
31- 
6.-8. 


4  Mar.    5.5 

5  Mar.    0.4 

6  Feb.  23.0 

7  Feb.  17.6 

8  Feb.  12.2 

9  Feb.     5.8 
m  =  3"'  29" 

;     12.-12.5 


5511.     RS  Librae. 
23  1903  June    7. 


24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
31 


4  Jan.  14. 
Aug.  22. 

5  Mar.  31. 
Nov.     7. 

6  June  16. 

7  Jan.  23. 
Sept.    1. 

8  Apr.     9. 
Nov.  16. 

9  June  25. 
m  =  4"  8"  : 

2     ;     13. 


5583.     XLibrae. 
55  1903  Mar.     7.0 


6.3 
14.4 
24.5 

4.6 


31  -  m  =2 
9.5-10.     : 


Aug.  17.6 

4  Jan.  28.2 
July  9.8 
Dec. 

5  June 
Nov. 

6  Apr. 
Oct. 

7  Mar. 
Aug.  29.7 

8  Feb.  8.6 
July  21.2 

9  Jan.  0.8 
June  13.4 
Nov.  24.0 

19" 
14. 


20.4 
2.0 

12.6 

25.2 
5.8 

18.4 


7.5-8.3 


<13. 


5593.      W  Librae. 

44  1903  Feb.  22.0 

45  Sept.  15.5 

46  4  Apr.     8.0 

47  Oct.    30.5 


9.8 


<14. 


5601.  6'  i'rsae  min. 
14  1903  Feb.  27. 


18. 


4  Jan. 
Dec.     8. 

5  Oct.    29. 

6  Sept.  19. 

7  Aug.  10. 

8  June  30. 

9  May  21. 
31-  m  =  .5"  4" 

7.5     :     11.5 


5611 


U  Librae. 


48  1903  Apr.  15.6 
Nov.  27.8 

4  July  11.0 

5  Feb.  22.2 
Oct.     6.4 

6  May  20.6 

7  Jan.     1.8 
Aug.  16.0 

8  Mar.  29.2 

57  Nov.  10.4 

58  9  June  24.6 
31-  m  =  .    .    . 

9.     ;     <14. 

5644.     Z  Librae. 
31   1903  May  19. 


J2  4  Mar.    9. 

VS  Dec.  29. 

^4  5  Oct.    20. 

i5  6  Aug.  11. 

^6  7  June    2. 

57  8  Mar.  23. 

^8  9  Jan.  12. 

39  Nov.    3. 
31  -  m  =  .    .    . 

11.  :     <13. 


.-It) , 


28 
29 
30 
31 
3f 


5.      r  Coroitiie. 
1903  Mar.  17.5 

4  Mar.     8.0 

5  Feb.   27.5 

6  Feb. 

7  Feb. 

8  Feb. 

9  Jan.  23.5 
-  m  =  5""  19" 


19.0 

10.5 

2.0 


r.2-8.5  ;  lo.-n 
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5677.    RSerpentis. 

5768.  Eli  HereuUs. 

5830.i?5eor/>ii-Con. 

5903.      YScorpii. 

6062.     RR  Scorpii. 

6275.     .S'  Octantis. 

78  1903  Aug.  25.6 

13  1903  May     8. : 

72  1907  Juue    2.2 

27  1903  June  27. 

21   1903  Sept.  10. 

5  1903  Oct.    31. 

79         4  Aug.  17.7 

14         4  Jan.     1.  : 

73         8  Jan.  12.3 

28         4  Juue  26. 

22         4  June  18. 

6         4  July  22. 

SO         5  Aug.  13.9 

15             Aug.  26.  : 

74            Aug.  23.4 

29         5  June  26. 

23         5  Mar.  27. 

7         5  Apr.  13. 

81         6  Aug.    8.5 

16         5  July  30.  : 

75         9  Apr.     4.5 

30         6  June  26. 

24         6  Jan.     3. 

8         6  Jan.     3. 

82         7  Aug.    3.1 

17          6  Mar.  25.  : 

76            Nov.  14.6 

31         7  June  26. 

25             Oct.    12. 

9             Sept.  25. 

83         8  July  27.6 

18             Nov.  18.: 

M  -  m  =  .    .    . 

32         S  June  25. 

26         7  July  21. 

10         7  June  17. 

84         9  July  22.1 

M  -  III  =  .    .    . 

9.5-10.5     ;     <13. 

33         9  June  25. 

27         8  Apr.  28. 

11          8  Mar.     8. 

jjf_m  =  5""  0" 

7.8     :     9.5 

M  -  m  =  .    .    . 

28         9  Feb.     4. 

12            Nov.  28. 

5.5-7.5     ;     13. 

5831.     S  Srorpii. 

10.  ?     ;     14. 

29            Nov.  13. 

13         9  Aug.  20. 

5770.    liUerfu/is. 

136  1903  Mar.  19.6 

5931.    S  Ophiuchi 

72  1903  Aug.    1.6 

73  4  Mar.  22.4 

3I-vi  =  4'"  8": 

31-  III  =3'"  16" 
8.     ;     <11.7 

5682.     A'  Liipi. 

44  1903  Nov.  11.2 

45  4  Sept.  25.4 

137  Sept.  12.3 

138  4  Mar.     7.0 

7.-7.5     ;     9.5-10. 

5  1903  i\rar.  22.5 

4G         5  Aug.  11.2 

139            Aug.  30.7 

74            Nov.  11.2 

6132.    R  Ophiuchi. 

6331.  RU Scorpii. 

6            Nov.  12.0 

47         6  June  26.1 

140        5  Feb.  23.4 

75  5  July     3.0 

76  6  Feb.   21.8 

55  1903  Jan.   13.0 

13  1903  Jan.  28. 

7         4  July     3.5 

48         7  May  10.4 

141            Aug.  19.1 

56            Nov.  11.2 

14         4  Feb.   10. 

8         5  Feb.   23.0 

49         8  Mar.  23.3 

142        6  Feb.   11.8 

77            Oct.    13.6 

57         4  Sept.    8.4 

15         5  Feb.  22. 

9            Oct.    15.5 

50         9  Feb.     3.7 

143            Aug.    7.5 

78         7  June    4.4 

58         5  July     7.6 

16         6  Mar.    7. 

10         6  J  une    7.0 

M  -  m  =  .    .    . 

144        7  Feb.     0.2 

79         8  Jan.  24.2 

59         6  May     5.8 

17         7  Mar.  20. 

M  -  III  =  3'"  26"  ? 

8.-9.     ;     <13. 

145            July  26.9 

80  Sept.  14.0 

81  9  May     5.8 

82  Dee.  25.6 

60         7  .Mar.    4.0 

18         8  Apr.     1. 

9     ;     <11 

146        8  Jan.   19.6 

61          8  Jan.     0.2 

19         9  Apr.  14. 

5776.     X  Scorpii. 

147            July  14.3 

62            Oct.    28.4 

31  -m=  .    .    . 

5688.     B  Librae. 

49  1903  Jan.     0. 

50  July  18. 

51  4  Feb.     2. 

52  Aug.  19. 

53  5  Mar.    6. 

54  Sept.  21. 

55  6  Apr.     8. 

56  Oct.    24. 

57  7  May  11. 

58  Nov.  26. 

59  8  June  12. 

60  9  Jan.     2. 

61  July  15. 
M  -  m  =   .     .     . 

148  9  Jan.     7.0 

149  July    2.7 

M-  111=-  .    .    . 
8.3-9.     ;     <13. 

63         9  Aug.  26.6 
3f  -m  =  .    .    . 

9.3     ;     12.7 

68  1903  June  17.2 

69  4  Feb.    14.6 

70  Oct.    14.0 

71  0  June  13.4 

72  6  Feb.   10.8 

73  Oct.    11.2 

74  7  June  10.6 

75  8  Feb.     8.0 

76  Oct.      7.4 

77  9  June    6.8 
M-  w  =  .    .    . 
9.-10.     ;     <13. 

j]r  —  III  =  .  .  . 

9.-10.5     ;     <13. 

5856.    IV  Ophiuchi. 

24  1903  Mar.  17.2 

25  4  Feb.   10.0 

26  5  Jan.     4.8 

27  Dec.     0.6 

28  6  Oct.    26.4 

29  7  Sept.  21.2 

30  8  Aug.  16.0 

31  July  11.8 
31—  m.  =  .    .    . 
9.-9.5     ;     <13.5 

5950.    W Herculis. 

31  1903  May     3.6 

32  4  Feb.   12.4 

33  Nov.  21.6 

34  5  Aug.  30.8 

35  6  June    8.0 

36  7  Mar.  14.6 

37  Dec.  18.2 

38  8  Sept.  20.4 

39  9  June  23.5 
M-m  =  4'"  6'^ 

8.-8.5    ;    11.5-14. 

7.-8.     ;     <12. 

6170.  RW  Scorpii. 

13  1903  Nov.  24. 

14  4  Dec.  15. 

15  6  Jan.     6. 

16  7  Jan.  28. 

17  8  Feb.   19. 

18  9  Mar.  12. 
31  -  m  =  .    .    . 

9.5     ;     14. 

6449.     T  Draconis. 

7  1903  Feb.     9. 

8  4  Apr.   10. 

9  5  June  10. 

10  (J  Aug.  10. 

11  7  Sept.  20. 

12  8  Dec.     9. 
31  -  III  =  6"'  0" 
8.     ;     10.-11.5 

6500.    R  Pavonis. 
5  1903  May  16. 

10.      ;      <13. 

5955.   R  Draconis. 

6207.    Z  Oj)hiuchi. 

6  4  Jan.     0. 

7  Aug.  16. 

8  5  Apr.     2. 

9  Nov.  17. 

5704.     MR  Librae. 

5795.      W  Scorpii. 

39  1903  June  28.2 

11  1903  Oct.    30. 

24  1903  Aug.  16.8 

44  1903  Feb.     1.0 

5887.    V  Ophiuchi. 

40         4  Feb.   28.5 

12         4  Oct.    12. 

25         4  May  19.5 

45  Sept.  10.5 

46  4  Apr.  19.0 

47  Nov.  26.5 

35  1903  May  12.5 

41            Nov.     0.4 

13         5  Sept.  25. 

10         6  July    4. 
31-  m  =3'"  18*? 

26         5  Feb.   20.2 

36         4  Mar.  10.0 

42         5  July     4.0 

14         6  Sept.    8. 

27            Nov.  23.9 

37         5  Jan.     6.5 

43         6  Mar.    6.6 

15         7  Aug.  22. 

7.5     ;     10. 

28         6  Aug.  27.6 

48  5  July     6.0 

49  6  Feb.  12.5 

38            Nov.    5.0 

44            Nov.    7.2 

16         8  Aug.    4. 

29         7  June    0.3 

39         6  Sept.    3.5 

45         7  July  10.8 

17         9  July  18. 

6512.     T  Herculis. 

30         8  Mar.    3.0 

50            Sept.  22.0 

40         7  Julv     3.0 

46         8  Mar.  12.4 

31  -  m  =  5"'  16" 

78  1903  June    9.4 

31            Dec.     4.7 

51         7  j\Iav     1.5 

41          8  May     0.5 

47             Nov.  13.0 

7.5-8.  ;  11..-.-12.5 

79            Nov.  20.7 

32         9  Sept.    7.4 

52            Dec.     9.0 

42         9  Feb.  27.0 

48         9  July  16.6 

80  4  May     3.0 

81  Oct.    14.2 

M  —  m  =   .    .     . 

53         8  July  17.5 

43            Dec.  26.5 

31-  m  =  3'"  17" 

6225.  RS  Herculis. 

8.5     ;     14. 

54         9  Feb.  24.0 

M-  III  =5'"  24* 

6.5-8.5    ;    12.-13. 

11   1903  Apr.  22. 

82         5  Mar.  27.4 

55            Oct.      3.5 

7.-7.5    ;    9.5-10.5 

6044.      S  Herculis 

12            Dec.     1. 

83            Sept.    7.6 

5761.     ZScorpii. 

3/_„i  =  4"'  8'': 

55  1903  Jan.  15.5 

13         4  Julv  11. 

84         6  Feb.   18.7 

lO.-ll.     ;     <14.7 

5889.    U  Herculis. 

56            Nov.  16.0 

14         5  Feb.   19. 

85            Aug.    1.9 

30  1903  Oct.      4. 

38  1903  Feb.   24.2 

57         4  Sept.  IG.l 

15            Sept.  30. 

86         7  Jan.   13.0 

31  4  Oct.      8. 

32  5  Oct.    13. 

33  6  Oct.    18. 

34  7  Oct.    23. 

35  8  Oct.    27. 

36  9  Nov.     1. 

5830.     A'  firorpii. 

65  1903  Feb.   14.5 

66  Sept.  26.6 

39  4  Mar.  27.5 

40  5  Apr.  28.0 

41  6  May  28.7 

58  5  July  19.0 

59  6  May  21.6 

60  7  Mar.  25.1 

16  6  May  11. 

17  Dec.  20. 

18  7  July  31. 

87  June  26.1 

88  Dec.     7.3 

89  8  May  19.4 

67         4  May     7.7 

42         7  June  27.6 

61         8  Jan.  27.4 

19         8  Mar.  10. 

90            Oct.    30.6 

68            Dec.   17.8 

43         8  July  25.6 

62            Dec.     1.6 

20            Oct.    19. 

91         9  Apr.  12.8 

69         5  July  29.9 

44         9  Aug.  22.8 

63         9  Oct.     7.7 

21         9  :Mav  30. 

92            Sept.  24.0 

M  —  III  =  .    .    . 

70         6  Mar.  11.0 

21-  III  =  5'"  19" 

3f-  OT  =  5'"  0" 

J/-  III  =  .'  .    . 

31  -  m  =  2"'  IS" 

9.-9.5     :     12.  ? 

71            Oct.    21.1 

6.5-7.5  ;  11.5-12.5 

6.-7.5    ;    11.5-13. 

8.      ;      11. 

7.-8.5    ;    10.-12.5 
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G60S.  EVSaffittarii. 

16  1903  Aug.    7. 

17  4  June  22. 

18  5  May     8. 

19  «  Mar.  24. 

20  7  Feb.      7.    ; 

21  Dec.  24. 

22  8  Nov.    8. 

23  9  Sept.  24. 
31-  ,„=  .    .    . 

8.  ;     12.3 

(i624.   T  Serpentis. 

45  1903  June  24.0 

46  4  iMay  30.8 

47  5  May     7.6 

48  6  Apr.  14.4 

49  7  Mar.  22.2 

50  8  Feb.  27.0 

51  9  Feb.     2.8 
M -m= . . . 

.      7.     ;     8.3 

6682.  XOphiuchi. 

19  1903  Nov.     7. 

20  4  Oct.  7. 

21  5  Sept.  7. 

22  6  Aug.  8. 

23  7  July  9. 

24  8  June  8. 

25  9  .May  9. 
.1/ -m  =  6"'  25" 

7.     ;     9. 

6849.     RAquUae. 

51  1903  June  26.6 

52  4  .Mav  21.5 

53  5  Apr.  16.7 

54  6  Mar.  13.2 

55  7  Feb.     7.1 

56  8  Jan.     4.4 

57  9  Dec.     1.1 

58  Oct.    29.2 
.1/  _  m  =4"'  1 6" 

6.-7.5    ;    11.-11.5 

()871.  V  Lijrae. 
10  1903  Dec.  6. 
U         4  Dec.  15. 

12  5  Dec.  25. 

13  7  Jan.     4. 

14  8  Jan.   14. 

15  9  Jan.  23. 
.1/-  »i  =  4"'  17" 

9.  ;     <12. 

&m2.RXSagHtarii. 

10  1903  Nov.     3. 

11  4  Sept.  30. 

12  5  Aug.  28. 

13  6  July  26. 

14  7  June  23. 

15  8  .May  20. 

16  9  Apr  17. 
.!/_  „,  =  .    .    . 

10.      ;      <13.3 


6894.     SLyrae. 

16  1903  Jan.  27. 

17  Sept.    2. 

18  4  Apr.     7. 

19  Nov.  11. 

20  5  June  17. 

21  6  Jan.  21. 

22  Aug.  27. 

23  7  Apr.     2. 

24  Nov.     6. 

25  8  June  11. 

26  9  Jan.   15. 

27  Aug.  21. 
M  -m  =  3"'  24" 

9.     ;     12. 

6900.     WAqidlae. 

8  1904  Jan.   16. 

9  5  May  10. 

10  6  Sept.    2. 

11  7  Dec.   26. 

12  9  Apr.  19. 
M—  m  .    .    . 

7.5     ;     11. 

6903.  TSaffittarii. 

34  1903  Apr.  19.2 

35  4  June    2.5 

36  5  July  18.8 

37  6  Sept.    4.1 
M  -  w  =  .    .    . 
7.5-8.     ;     <11. 

6905.  Ii  Sagittarii. 

50  1903  May  28.7 

51  4  Feb.  20.9 

52  Nov.  14.6 

53  5  Aug.    8.8 

54  6  May     2.6 

55  7  Jan.  24.0 

56  Oct.    17.2 

57  8  July    9.1 

58  9  Apr.     1.0 
M-  m  =  4"'  le"! 

7.-8.     ;     12.5 

6921.   S  Sagittarii. 

58  1903  May     3.1 

59  Dec.  22.2 

60  •  4  Aug.  11.4 

61  5  Apr.     1.7 

62  Nov.  21.0 

63  6  July  12.2 

64  7  :\rar.    2.3 

65  7  Oct.    21.2 

66  8  June    9.7 

67  9  Jan.  27.9 

68  Dec.  25.7 
M-m  =  Z'"  11" 
9:10.5     ;     14.5 


6923.   Z  Sagittarii. 

12  1903  June  23. 

13  4  Sept.  17. 

14  5  Dec.  13. 

15  7  :\[ar.  10. 
10  8  June  4. 
17         9  Aug.  30. 

M  -m  =  7'"  13" 
8.5     ;     <12. 

7045.     A'  Cijgni. 

42  1903  Oct.    21.4 

43  4  Dec.  21.2 

44  6  Feb.  21.0 

45  7  Apr.  23.7 

46  8  June  23.6 

47  9  Aug.  24.4 
,1/  —  m  —  5'"  5" 
6.-8.     ;     <14. 

7077.     T  Faoonis. 

21  1903  May  15. 

22  4  Jan.  14. 

23  Sept.  14. 

24  5  May  16. 

25  6  Jan.  15. 

26  Sept.  16. 

27  7  ]May  18. 

28  8  Jan.  17. 

29  Sept.  17. 

30  9  May  19. 
M —m=. . . 

7.5     ;     12. 

7085.     II T  Cygni. 

30  1903  Apr.  24.0 

31  Nov.    0.5 

32  4  May     9.0 

33  Nov.  15.5 

34  5  May  25.0 

35  Dec.     1.5 

36  6  June  10.0 

37  Dec.  17.5 

38  7  June  26.0 

39  8  Jan.     2.5 

40  July  11.0 

41  9  Jan.   17.5 

42  July  27.0 
M  —  m  =  2'"  27" 

7.-7.5     ;     lO.-ll. 

7118.     XAquilae. 

10  1903  Feb.  24. 

11  4  Feb.     7. 

12  5  Jan.  20. 

13  6  Jan.     3. 

14  Dec.  17. 

15  7  Nov.  30. 

16  8  Nov.  12. 

17  9  Oct.    26. 
M-m  =  .    .    . 

8.5     :     <12. 


7120. 

126  1903 

127  4 


128  6 

129  7 

130  8 

131  9 
M—  m  = 

4.-6.5 

7151.7?  C/' 

5  1903 

6  4 


9         6 

10         7 

M  —  m 


X  Cygni. 
Oct.  25.2 
Dec.  4.0 
Jan.  13.7 
Feb.  23.6 
Apr.  4.5 
May  15.5 
=  5"'  19".5 
;     13.5 

Sagittarii. 
Oct.  27. 
June  22. 
Feb.  16. 
Oct.  13. 
June  9. 
Feb.  3. 
=  3'"  3" 
8.     ;     <12.5 

7155.  EE Aqiiilae. 

8  1904  Jan.     7. 

9  5  Feb.     5. 

10  6  Mar.  7. 

11  7  Apr.  6. 

12  8  ^klay  5. 

13  9  June  4. 
M—  III  =  .    .  . 

8.5     ;     <12. 

7162.   ESAquilae. 

6  1903  Apr.     6. 

7  4  May  16. 

8  5  June  26. 

9  6  Aug.    6. 

10  7  Sept.  16. 

11  8  Oct.    26. 

12  9  Dec.     6. 
M— m = . . . 

10.     ;     <12.5 

7192.     Z  Ci/gni. 

22  1903  Feb.  26. 

23  Nov.  18. 

24  4  Aug.    9. 

25  5  May     1. 

26  6  Jan.  21. 

27  Oct.    13. 

28  7  July     5. 

29  8  Mar.  26. 

30  Dee.  16. 

31  9  Sept.    7. 
^f  -  m  =  4'"  3"  : 

7.-8.5    ;    11.5-12. 

7220.     5  Ci/gni. 
43  1903  Aug.    8.7 


4  June 

5  May 

6  Apr. 

7  Feb. 

8  Jan. 
Dec. 

9  Oct. 


M  —  m  =  5'" 


28.0 
18.4 

26.1 
16.6 
6.0 
26.5 
11" 


9.-11. 


<14. 


7234.  RCapricomi. 

46  1903  Apr.  10. 

47  4  Mar.  19. 

48  5  Feb.  28. 

49  6  Feb.     5. 

50  7  Jan.  15. 

51  Dee.  25. 

52  8  Dec.     3. 

53  9  Nov.  12. 
M  —  in  =  .  .  . 
9.-11.     ;     <13. 

7242.     SAquilae. 

93  1903  Mar.  22.1 

94  Aug.  15.8 

95  4  Jan.  9.5 

96  June  4.2 

97  Oct.  28.9 

98  5  Mar.  24.6 
I  99     Aug.  18.3 

100  6  Jan.  12.0 

jlOl  June    7.7 

|l02  Nov.    1.4 

1103  7  Mar.  28.1 

104  Aug.  21.8 

105  8  Jan.  15.5 
!l06  June  10.2 
107  Nov.  3.9 
1108  9  Mar.  30.6 
109  Aug.  24.4 

jlf-m  =  2"'  11" 
8.5-10.  ;  10.7-11.8 
Secondary  phases  also. 

7252.  W Capricomi. 

54  1903  Apr.  12. 

55  Nov.    6. 

56  4  June    1. 

57  Dec.  26. 

58  5  July  22. 

59  6  Feb.  15. 

60  Sept.  11. 

61  7  Apr.     7. 

62  Nov.    1. 

63  8  ]S[av  27. 

64  Dee.  21. 

65  9  July  17. 
M-  m  =2'"  26" 

lO.-ll.     ;     <14.7 

7260.     ZAqiii/iie. 

24  1903  :Mar.    9.8 

25  July  15.0 

26  Nov.  19.2 

27  4  Mar.  25.4 

28  July  30.8 

29  Dee.     4.S 

30  5  Apr.  11.0 

31  Au-   16.2 

32  Dec.  21.4 


7260.  ZAquU.-Caa. 

33  1906  Apr.  27.6 

34  Sept.    1.8 

35  7  Jan.     7.0 

36  May  14.2 

37  Sept.  18.4 

38  8  Jan.   23.6 

39  Mav  29.8 

40  Oct.      4.0 

41  9  Feb.     8.2 

42  June  15.4 

43  Oct.    20.6 
M-  m  =2"'  4" 

9.     ;     11.? 

7261.    RDelphini. 

48  1903  Jan.     0.2 

49  Oct.    12.1 

50  4  July  23.6 

51  5  May     5.7 

52  6  Feb.   16.3 

53  Dec.     0.5 

54  7  Sept.  14.1 

55  8  June  28.0 

56  Apr.  12.2 
M-  wt=4"'  8"  : 
7.5-9.     :     11.-13. 

7266.ETStig!ttarii. 

4  1903  Sept.  28. 

5  4  July  25. 

6  5  May  22. 

7  6  Mar.  19. 
J/_  m  =4-  8"? 

7.5     ;     <11. 

7299.      U  Cygni. 

25  1903  Jan.   13.5 

26  4  Apr.  18.8 

27  5  July  24.1 

28  6  Oct".    28.4 

29  8  Feb.      1.7 

30  9  May     8.0 
M-  m  =7'"  16* 

7.-S.     :     9.5-11.5 

7404.  E  Mirroseopit. 

19  1903  Feb.     1.8 

20  June  20.6 

21  Nov.    6.4 

22  4  Mar.  24.2 

23  Aug.  10.0 

24  Dec.  26.S 

25  5  Mav  14.6 

26  Oct.     0.4 

27  6  Feb.  16.2 

28  July     5.0 
J/  _  „,  =  2"-  3" 


8. 


12. 
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7428.     V  Cifgni. 

19  1903  Mar.  12. 

20  4  May     3. 

21  5  June  25. 

22  (5  Aug.  17. 

23  7  Oct.      9. 

24  8  Nov.  30. 
M—vi  =  T"  7" 
7.-9.'5     ;     13.5 

7431.     SJ)el[ihini. 

49  1903  Apr.  13.5 

50  4  Jan.  16.0 

51  0<5t.    19.5 

52  5  July  24.0 

53  G  Apr.  27.5 

54  7  Jan.  30.0 

55  Nov.    3.5 

56  S  Aug.    7.0 

57  9  May  11.5 
M-  m  =  3'"  27"' 

8.5-9.5    ;    10.5-12. 

7444.     T  Delphini. 

43  1903  Sept.  16.6 

44  4  Aug.  12.8 

45  5  July  10.0 

46  6  June    6.2 

47  7  May     3.4 

48  8  Mar.  29.6 

49  9  Feb.  23.8 
M  -  m  =  .    .    . 

8.-10.     I     <1.S. 

7455.  (/  Capricorni. 
82  1903  Feb.  24.0 
S3  Sept.  16.2 

84  4  Apr.  7.3 

85  Oct.  28.5 

86  5  May  20.8 

87  Dec.  11.0 

88  6  July  3.2 

89  7  Jan.  23.5 

90  Aug.  15.7 

91  8  Mar.  6.8 

92  Sept.  27.0 

93  9  Apr.  19.0 
M— m  =  .    .  . 
lO.-ll.  ;  <13. 

7458.     V  Delphini. 
9  -1904  Apr.  11. 

10  5  Oct.      3. 

11  7  Mar.  27. 

12  8  Sept.  17. 
M  —  m  =  .    .    . 

9.     ;     12.  ? 

7468.  TAquarii. 

74  1903  Feb.  2.2 

75  Aug.  24.4 

76  4  Mar.  14.5 


T4:6S.TAqiiar.-Con.\ 

77  1904  Oct.  3.5 

78  5  Apr.  24.3 

79  Nov.  13.1 

80  6  June  .3.7 

81  Dec.  23.2 

82  7  July  13.6 

83  8  Feb.  1.0 

84  Aug.  21.3 

85  9  Mar.  11.5 

86  Sept.  29.8 
M  -  m  =  2'"  27" 

6.5-8.5  ;  12.5-13. 

7482.      UPavonis. 

15  1903  May     9. 

16  4  Feb.  21. 

17  Dec.     5 

18  5  Sept.  19. 

19  6  July    4. 

20  7  Apr.  18. 
M—  7n  =  .    .    . 

9.5     ;     <12.5 

7492.     RZCrjgni. 

13  1903  July     6. 

14  4  Apr.  11. 

15  5  Jan.  16. 

16  Oct.    23. 

17  6  July  30. 
M-m  =4'"  15" 

9.     ;     13. 

7495.     SIndi. 

2  1903  Apr.     6.4 

3  4  May  16.1 

4  5  June  25.8 

5  6  Aug.    5.5 
M  —  m  =    .    .    . 

8.5     ;     <12.5 

7502.     XDeliMni. 

10  1903  Apr.  15. 

11  4  Jan.  17. 

12  Oct.    20. 

13  5  July  24. 

14  6  Apr.  27. 

15  7  Jan.   29. 

16  Nov.    2. 

17  8  Aug.    5. 

18  9  May     9. 
M-  m  =  3'"  29" 

8.0-8.5     ;     <10. 

7544.      T  Octantis. 

6  1903  May  16. 

7  Dec.     7. 

8  4  June  29. 

9  5  Jan.  20. 

10  Aug.  13. 

11  6  Mar.     6. 
M-  m  =  l"'  25" 

9.     :     <12.5 


7560.  B  Vulpecnlae. 
100  1903  Mar.  14.7 


July  28.2 
Dec.   10.8 

4  Apr.  24.2 
Sept.    6.6 

5  Jan.  20.0 
June  4.4 
Oct.    17.8 

6  Mar.  2.2 
July  15.6 
Nov.  28.0 

7  Apr.  12.5 
Aug.  26.0 

8  Jan.  8.6 
May  23.1 
( tct.      5.8 

9  Feb.  18.7 
July  4.4 
Nov.  17.2 

M  -  VI  =  2"'  1" 
7.5-8.5  ;  12.5-13.5 

7571.  V  Citpricorni. 

83  1903  Apr.  13.1 

84  Sept.  16.8 

85  4  Feb.  20.5 

86  July  26.2 

87  Dec.  29.9 

88  5  June    4.6 

89  Nov.     8.3 

90  6  Apr.  14.0 

91  Sept.  17.7 

92  7  Feb.  21.4 

93  July  28.1 

94  8  Jan.     0.8 

95  June    5.5 

96  Nov.    9.2 

97  9  Apr.  14.9 

98  Sept.  18.6 
31—  m  =  .    .    . 

9.     ;     14.  ? 

7577.   XCapricorni. 

60  1903  May  28.2 

61  4  Jan.     2.8 

62  Aug.     9.9 

63  5  Mar.  18.4 

64  Oct.    25.4 

65  6  June    3.7 

66  7  Jan.  11.1 

67  Aug.  20.7 

68  8  Mar.  29.3 
G9  Nov.  5.7 
70  9  June  15.0 
iJf-  m,=  3"'  26". 
9.5-10.5     ;     <16. 

"590.  Z  Capricorni. 

8  1903  Sept.  15. 

9  4  Sept.    5. 

10  5  Aug.  27. 

11  6  Aug.  18. 

12  7  Aug.    9. 


7590.  Z  Capri.-Con. 

13  1908  July  30. 

14  9  July  21. 
M  —  III  =  .    .    . 

9.     ;     11.5 
.•Vnothermax.  midway? 

7609.      T  Cephei. 

28  1903  Mar.  21. 

29  4  Apr.  11. 

30  5  May     3. 

31  «  May  25. 

32  7  June  16. 

33  8  July     7. 

34  9  July  29. 
M—  III  =  6'"  25" 
5.-7.  ;     8.5-10.5 

7659.  T  Capricorni. 

65  1903  Sept.  18.0 

66  4  June  13.2 

67  5  Mar.    9.4 

68  Dec.     3.6 

69  6  Aug.  29.8 

70  7  May  26.0 

71  8  Feb.   19.2 

72  Nov.  14.4 

73  9  Aug.  10.6 
Jf  _  m  =  4'"  27" 

9.-9.5     ;     13.5 

7733.  Y  Capricorni. 

31  1903  Mar.    2. 

32  Sept.  24. 

33  4  Apr.  17. 

34  Nov.     9. 

35  5  June    3. 

36  Dec.  26. 

37  6  July  20. 

38  7  Feb.   11. 

39  Sept.    5. 

40  8  Mar.  29. 

41  Oct.    21. 

42  9  May  15. 
M— m = . . . 
lO.-ll.     ;     14.? 

7779.   SCephei. 

29  1904  Feb.     8.2 

30  5  June  11.0 

31  6  Oct.    12.9 

32  8  Feb.  13.8 

33  9  June  16.8 
3f-  m  =  S"'  23" 

7.5-9.   ;  11.5-12.5 

7813.     £.  Grids. 

12  1903  Sept.  11. 

13  4  Aug.     7. 

14  5  Jaly     4. 

15  6  May  31. 

16  7  Apr.  27. 
3f  —  III  =  .    .    . 

8.5     ;     <12.5 


7896.      VPegasi. 

10  1903  Sept.  25. 

11  4  July  24. 

12  5  May  23. 

13  6  Mar.  22. 

14  7  Jan.  19. 

15  Nov.  18. 

16  8  Sept.  16. 

17  9  July  16. 
31  -  m  =  3'"  24" : 

8.     ;     <13. 

7907.      UAquarii. 

39  1903  Feb.  21.  : 

40  Nov.     6.  : 

41  4  July  21.  : 

42  5  Apr.     5.  : 

43  Dec.   19.: 

44  6  Sept.    3.  : 
3f  —  III  =  .    .    . 
9.5-10.     ;     14.  ? 

7909.  SPiscisaustr. 

17  1903  May     9. 

18  4  Feb.     5. 

19  Nov.    3. 

20  5  Aug.    2. 

21  6  May     1. 

22  7  Jan.   28. 
31—  III  =  .    .    . 

8.5-9.     ;     <11. 

7944.     TPegasi. 

38  1903  Sept.    1.4 

39  4  Sept.    9.2 

40  .    5  Sept.  18.0 

41  6  Sept.  26.8 

42  7  Oct.      5.6 

43  8  Oct.    13.4 

44  9  Oct.    22.2 
3f—  VI  =  .    .    . 
8.5-9.5     ;     <13. 

7994.  BPiscis  austr. 

38  1903  Mar.    8. 

39  Dec.  25. 

40  4  Oct.    12. 

41  5  July  .31. 

42  6  May  19. 

43  7  Mar.    7. 

44  Dec.  24. 

45  8  Octr  11. 

46  9  July  30. 

J/—    w    =    .      .      . 

8.5     ;     <11.? 

7999.     X  Aquarii. 
9  1903  Mar.  26. 

10  4  Feb.     4. 

11  Dec.  15. 

12  5  Oct.   26. 

13  6  Sept.    6. 


7999.X47Mor.-C0n. 

14  1907  July  18. 

15  8  May  28. 

16  9  Apr.     8. 
J/  —  III  =  .    .    . 

8.5     ;     13. 

8039.  TO  mis. 

8  1903  Feb.  20. 

9  July  11. 

10  Nov.  29. 

11  4  Apr.  18. 

12  Sept.    6. 

13  5  Jan.  25. 

14  June  15. 
3[-vi  =  2"'  3" 

8.5     ;     11.0 

8040.  5  Grids. 

2  1903  Feb.     4. 

3  4  Mar.  20. 

4  5  May     4. 

5  6  June  18. 
31-  III  =  .    .    . 

7.     ;     12.5 

8068.      S  Lacertae. 

18  1903  Jan.  27. 

19  Sept.  18. 

20  4  May     9. 

21  Dec.  29. 

22  5  Aug.  20. 

23  6  Apr.  11. 

24  Dec.  1. 
1  M  -  III  =  3'"  22" 
I    7.5-8.     ;     <12. 

8153.     R  Lacertae. 

25  1903  Aug.  25.0 

26  4  June  19.8 

27  5  Apr.  15.6 

28  6  Feb.     9.4 

29  Dec.     6.2 

30  7  Oct.      2.0 

31  8  July  27.8 

32  9  May  23.6 
if—  m=   .    .    . 

9.     ;     <13.5 

8230.     S  Aquarii. 

57  1903  Aug.  10.9 

58  4  May  16.6 

59  5  Feb.  20.3 

60  Nov.  27.0 

61  6  .Sept.    2.7 

62  7  June    9.4 

63  8  Mar.  15.1 

64  Dec.  19.8 

65  9  Sept.  25.5 
31-  III  =  .    .    . 
7.5-9.     :     <12.5 
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8290.  B  Pegasi. 

51 

1903  Aug.  28.1 

52 

4  Sept.  6.1 

53 

5  Sept.  17.0 

54 

6  Sept.  29.0 

55 

7  Oct.  12.0 

56 

8  Oct.  25.1 

57 

9  Nov.  9.1 

M 

-m  =  5'"   20* : 

7. 

-8.  ;  <13. 

8324.  V  Cassiopeae. 

15 

1903  May  26.5 

16 

4  Jan.  13.0 

17 

Sept.  0.5 

18 

5  Apr.  20.0 

19 

Dec.  7.5 

20 

6  Julv  27.0 

21 

7  Mar.  15.5 

22 

Nov.  2.0 

23 

8  June  20.5 

24 

9  Feb.  7.0 

25 

Sept.  26.5 

M 

-in  =  3"'   16-" 

7 

-8.  ;  12.5 

8369.      W  Pegasi.     8512.     KAquarii.      8591.      V  Cephei. 


8597 


VCeti.        8604.    SPhoenieis. 


8  1903  Apr.     8.     86  1903  Feb.     6.4    21  1903  Nov.  27.      33  1903  Mar.  31. 


9 
10 
11 

M 


4  Mar. 

5  Feb. 

6  Jan. 


10. 


87 
88 
89 
90 
91 
92 


4  Mar.    5.3  i 

5  Apr.     1.8 

6  Apr.  28.6 

7  May  24.7 

8  June  17.9 

9  July  12.1 


6.-8.5     : 


11. 


8373.     S  Pegasi. 

44  1903  Mar.    6.5  „.„„„„,     ... 

45  4  Jan.  18.0  8o88.  B  Phoentcts. 


46  Dec.  0.5 

47  5  Oct.  14.0 

48  6  Aug.  27.5 

49  7  Julv  11.0 

50  8  Mav  23.5 

51  9  Apr.  6.0 

4 
5 
6 

8 
9 

1903  Mar.  5. 
Nov.  30. 

4  Aug.  26. 

5  May  23. 

6  Feb.  17. 
Nov.  14. 

M-  m.  =  4"'  16* 

M- 

-  w  =  4™  15* : 

7.5-8.  :  12.-<13. 

8 

5?  ;  11.? 

2  4  Nov.  21. 

3  5  Nov.  16. 

4  6  Nov.  11. 

5  7  Nov.  6. 
:6  8  Oct.  31. 
'.7  9  Oct.  26. 

M-  m  =  7'"  7* 

6.3  ;  7.0 


8594.  E  Tucanae. 
4  1903  Apr.  30. 


34 
35 
36 
37 
38 
39 
40 
41 
42 

M  -    III    : 

8.5-9.5 


Dec.  15. 

4  Sept.    1. 

5  May  20. 

6  Feb.     5. 
Oct.    24. 

7  July  12. 

8  Mar.  29. 
Dec.  15. 

9  Sept.    2. 
Ill  =  .    .    . 

14.? 


7  1903  Jan.     1.4 


June    1.4 
Oct.   30.8 

4  Mar.  30.0 
Aug.  28.2 

5  Jan.  26.4 
June  26.6 


31-  m  =  2" 


M- 


4  Jan. 
Oct. 

5  Aug. 

6  Jlav 


30. 
31. 


8600.  ECassiopeae. 
42  1904  Feb.   21.5 


43 
44 
45 
46 


10. 


<12.5 


5  Apr.  28.7 

6  Julv    4.2 

7  Sept.    7.9 

8  Nov.  10.8 
m  =  6"  0"* 

;     10.-12. 


8622.      W  Ceti. 

7  1903  Jan.  12. 

4  Jan.  13. 

5  Jan.  13. 

6  Jan.  14. 

7  Jan.  15. 

8  Jan.  16. 

9  Jan.  16. 


8 

9 
10 
11 
12 
13 

M —  wi  =  . 
8.5     :     i: 


RESULTS  OF   OBSERVATIOXS   WITH   THE   ZENITH-TELESCOPE. 

flower  observatory,  uxiver.^ity  of  pexxsylvaxia, 
By  C.  L.  DOOLITTLE. 


The  series  of  Zenith-Telescope  Observations,  which  has 
been  in  progress  at  this  place,  was  begun  in  October,  1896. 
It  was  intended  to  continue  this  series  on  the  same  general 
plan  for  a  period  of  seven  years.  This  program  has  been 
carried  out  with  but  slight  variation.  The  first  observa- 
tion was  made  Oct.  1,  1896.  The  series  was  brought  to  a 
close  Dec.  28,  1903. 

The  number  of  determinations  in  the  successive  years 
was  as  follows : 


1896 

456 

1897 

1734 

1898 

1582 

1899 

1830 

1900 

1719 

1901 

1819 

1902 

1786 

1903 

1971 

Total       12897 

All  of  these  observations,  excepting  about  300,  were 
made  by  myself. 

It  is  now  proposed  to  continue  this  work  for  a  time  on 
a  somewhat  more  elaborate  plan,  giving  special  attention 
to  the  local  and  diurnal  changes  which  are  sometimes 
noticed.  These  apparent  changes  are  commonly  attributed 
to  anomalous  refraction,  or  temperature  effects,  which 
simply  amounts  to  the  statement  that  we  are  ignorant  of 
their  true  cause.  Whatever  this  may  be,  it  seems  desirable 
to  investigate  the  subject.     Also  the  wide  range  found  in 


the  different  determinations  of  the  Aberration  Constant 
appears  to  indicate  errors  of  a  systematic  character,  some 
of  which  it  should  be  possible  to  detect. 

The  values  resulting  from  the  seven  years'  observation 
at  this  place,  and  about  three  years  at  South  Pethlehem, 
are  reasonably  accordant,  but  they  are  uniformly  larger 
than  those  commonly-  employed. 

The  present  plan  is  to  carry  on  simultaneous  observa- 
tions with  two  instruments.  With  this  in  view  the  zenith- 
telescope  has  been  thoroughly  renovated,  and  the  four-inch 
objective  has  been  replaced  by  one  of  5A-inches  aperture. 
The  tube  has  been  correspondingly  lengthened.  This 
makes  it  possible  to  select  pairs  of  stars  which  will  be  free 
from  long  intervals  of  time  between  the  two  stars,  and 
from  large  differences  of  zenith-distance. 

The  width  of  the  observing  slit  has  at  the  same  time 
been  increased  to  six  feet. 

The  second  instrument  is  to  be  a  reflex  zenith-tube,  eight 
inches  in  aperture,  ou  the  same  general  plan  as  that  in  use 
at  Greenwich.  Mr.  Jo.^eph  Wharton  has  generously  pro- 
vided the  means  for  installing  this  instrument,  and  Warner 
and  SwASEY  have  its  construction  well  adv;uiced.  Mean- 
while the  zenith  stars  are  now  being  observed  with  the 
zenith-telescope. 

The  values  of  the  latitude  which  follow  are  in  continu- 
ation of  those  found  in  No.  538  of  this  Journal. 

The  value  of  the  Aberration  Constant  from  this  series  is 
20".524  ±  .0088 


74 


THE    ASTRONOMICAL    JOURNAL. 


N"-  ">r,o 


100! 

Dec.  14 
18 
23 

25 
27 

1903      "  ' 

June  6  . 

9 

11 

12 

13 

16 

17 

19 

21 

22 

23 

28 

30 

Feb.    2 

5 

6 

9 

10 

11 

12 

17 

18 

19 

20 

21 

22 

23 

25 

26 

Mar.    1 

4 

6 

11 

12 

13 

14 

Apr.    9 

10 

17 

IS 


=  39°  58'  + 
I        No.      II      No. 


1.94 
1.92 
2.14 
2.16 
1.86 
2.02 
2.02 
2.04 
2.08 
2.21 
l"5l 
2.14 
2.02 
2.05 
1.91 
2.30 
2.09 
2.10 
2.09 
2.14 
2.02 
2.02 
2. 0(1 

1.99 
2.02 


9 
10 

2 
10 
10 
10 

9 

8 
10 

lb 

10 


1.89      9 


(p  =  39°  58'  + 


1.96    10 
2.22    10 


1.79 
2.15 
2.06 
2.17 
2.15 
2.07 
1.80 
2.29 
2.17 


8 
10 
10 
10 
10 

7 
10 

9 
10 


2.01 

10 

1.87 

10 

2.10 

10 

1.82 

13 

l.O'.l 

10 

1.90 

8 

2.08 

10 

2.02 

10 

2.16 

10 

2.15 

10 

2.08 

8 

1.99 

10 

2.08 

10 

2.03 

10 

2.04 

9 

2.08 

10 

2.06 

8 

2.22  10 
2.16  10 
2.31      9 


2.21    10 


1903 

Apr.  19 
20 
21 
22 
26 
27 
29 
30 


May   1 

2 

5 

6 

7 

8 

9 

10 

11 

12 

13 

15 

17 

20 

21 

23 

25 

26 

28 

31 

June  2 

3 

8 

12 


II 


No.  II  No. 

..  2*22  10 

..  2.57  1 

..  2.34  10 

..  2.16  10 

..  2.67  2 

..  2.22  10 

..  2.29  10 

2.05  1 

No.  Ill  No. 


2.45  10 

2.14  10 

2.26  10 

2.19  10 

2.45  10 


2.41 
2.22 
2.12 
2.36 
2.25  10 
2.44  6 
2.28  9 
2.37  7 
2.20      9 


10 
10 
10 
10 


2.33 
2.21 
2.15 
2.43 
2.26 
2.38 

2.61 

III 


2.32  10 

2.27  10 

2.14  4 

2.40  10 
2.61  10 
2.43  10 

2.41  10 


1.95  2 

2.41  10 

2.23  10 

2.32  10 


2.16    10 


=  39" 
III 

2.34 
2.27 
2.30 
2.37 
2.28 
2.40 
2.41 
2.49 
2.28 
2.31 
2.03 
2.28 
2.28 
2.27 
2.36 
2.04 
2.43 
2.27 
2.27 
2.08 
2.47 
2.16 

IV 

1903  II 

Oct.  25     1.94 


'58'  + 
No.      IV 


1908 

July  9 
15 
17 
19 
21 
23 
25 
26 
27 
28 

Auff.  1 


9 

10 
11 
12 
14 
17 
18 
20 
21 


10 


8 

2.36 

10 

9 

2.29 

10 

10 

2.21 

9 

10 

2.29 

10 

2.26 

1 

6 

2.45 

1 

26 

27 
28 
29 
30 
31 
Nov.  1 
2 

3 
6 


No.      IV      No. 


June29     2.39 

30 
July  1 


2.13 
2.27 

2.43  9 

2.14  9 

2.52  9 

2.24  10 

2.32  10 


..      2.18    10 
..      2.19    10 
..      2.25    10 
2.32      9 
The  observations  of  Oct.  25  and  after,  were  made  with  instrument  renovated 


5     2.14 

8  2.44 

9  2.16 
9  2.51 
9  2.35 
9     2.46 

2..33 
2.48 


2.11 
1.93 

2.02 

1.96 
2.14 
2.01 
2.04 
2.02 

7  1.94 

8  1.90 

9  2.00 


10 
12 
13 
14 


2.14 
2.16 
1.99 
1.94 


15     2.01 

18  2.09 

19  2.08 


2.31 
2.32 

2.17 


10     2.42 
10     2.18 


2.42 

7  2.16 

9  .. 

10  2.46 

7  2.13 

10  2.53 

3  .. 

10  2.22 

10 


6  2.33 

4  2.13 

9  2.35 

9  2.10 

10  2.19 

9  2.28 

10  2.28 


.98 
.89 

.97 
.10 
.05 
.17 
.14 
.95 
.01 
.10 
.09 
MO 
.97 
:.02 


.00 
.68 
.06 
.03 

and 


190S 

Nov.  20 
21 
23 
25 
26 


Dec. 


qp  =  39° 
IV 

1^95 
2.10 

1 .96 
2.21 
1.98 
1.99 


58'  + 
No.      I 


2.02 

2.04 
1.97 
1.88 


11 
15 
16 
17 
IS 
''2 
23 
26 
28 


1.85 
2.20 
2.08 
1.95 
2.02 
2.04 

2.12 
1.85 
2.12 
2.04 
2.00 
1.89 
1.96 
1.94 
2.18 
2.08 
2.04 
2.00 
1.97 


Mean  Values. 


Weighted 
Mean  Date 

1902  Dec.   28 

1903  Jan.  15 
Feb.     2 

19 
Mar.  5 
Apr.  19 
May     8 

27 
1903  July     6 

24 
Aug.  14 
Oct.  30 
Nov.  12 

30 
Dec.  20 


2.016 
2.060 
2.022 
2.052 
2.122 
2.251 
2.336 
2..S01 
2.329 
2.314 
2.242 
2.032 
2.037 
2.022 
2.007 


No. 


8  2.09  10 


10 

10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
9 
10 
10 


No. 

64 
56 
137 
127 
142 
93 
182 
167 
169 
140 
147 
147 
185 
170 


Whole  number  2015 

improved  as  mentioned  above. 


1904  March  20. 


CORRECTED   ELEMENTS    OF    (1903  NF),    (see  A  J.  559), 

By  W.  T.  CARRIGAN  and  E.  D.  TILLTER. 
A  new  computation  with  corrected  data  gives : 
Epoch  1903  December  17.73129  G.M.T. 


S2  =  230  45  20.6 


0.6  ) 

3.2  I: 


M^ 


332  57     7.3 
65     0  35.0 


(T  =  24  22  52.2 

log  a  =  0.4742918 
/x  =  089". 55 


X  =  r(9.9891942)  sin  (  61  45  45.9+ ;•) 
ij  =  7-(9.9895833)  sin  (328  53  33.5+ii) 
z  =  r(9.4897335)  sin  (  15  50  22.5  +  v) 

0-0,  cosSz/« 
O-C,  z/8 


+  0».04 
+  0".3 


±  O'.OO 
±0".0 


1903.0 


+  0'.01 
—  0".2 
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SYSTEMS  OF   PERIPLEGMATIC   ORBITS, 

By  E.  O.  LOVETT. 


The  following  note  was  inspired  by  Dr.  HiLr.'s  memoir* 
on  pairs  of  Gylden's  perii^legmatic  orbits  t  which  appeared 
in  a  recent  number  of  the  Astronomiral  Journal.  The  suc- 
cessive sections  of  the  note  are  occupied  with  triple  and 
«-ple  systems  of  plane  periplegmatic  orbits.  There  appears 
at  the  end  a  postscviptum  which  has  to  do  with  certain 
pairs  of  entangled  plane  orbits,  periplegmatic  or  otherwise, 
whose  determination  depends  on  elliptic  functions  or 
those  new  transcendental  functions  lately  discovered  by 
Painlevk.J  The  method  of  discussion  employed  is  es- 
sentially that  used  by  Hill,  and  the  generalizations  con- 
structed are  suggested  rery  naturally  bj'  the  examples  of 
his  memoir. 

1.  In  the  plane  of  reference  let  a  pole  be  adopted,  and 
let  I'  denote  the  longitude,  and  r,,  r„,  r^  the  radii  vectores 
of  three  orbits  in  the  plane.  The  line  of  departure  from 
which  ('  is  measured  may  be  chosen  arbitrarily,  but  as 
'"n  '"j)  '"s  ^^^  110^  i^  general  periodic  functions  of  v,  the 
latter  must  be  allowed  to  assume  all  values  in  the  range 
from  negative  infinity  to  positive  infinity.  Let  ;y, , /j,  , /Jj 
be  three  constants,  and  put 

(1)  7-l=P<  .         0-=l,2,3) 
then  if  the  orbital  potential  be  assumed  in  the  form 

(2)  21' =  -2p.'-m!pi'(p=+P3)+p.=(p3+p,)  +  P8-(p.+p,)I 

1 
the  differential  equations  of  the  orbits  are 
(3) 
J'-fp<-H;.|p,(p;-l-p.)-H(p/+P*=)|  =0  ,  &c  =  123,231,312) 

*6.  W.  Hill  —  "  Examples  of  l^eriplegmatic  Orbits,"  The  Astro- 
nomical Journal,  No.  554,  Volume  XXIV,  No.  2,  pp.  9-14  ;  1904 
January  21. 

til.  GvLnfeN  —  "  Traite  analytique  dcs  orbites  absolues  ilcs  Iniit 
planMes  princlpales,"  tome  I,  livre  I,  chapitre  I. 

t  P.  PAiNLEVft  —  "  Sur  les  t-quations  iliffi'Tentiellcs  <lu  second  onlre 
et  d'ordre  supi-rieur  dont  I'integrale  giMHTale  est  uniforme,"  Acta 
Mathematirn,  tome  XX\',   pp.  1-S6. 


0-  =  l,2,3)      (4) 


On  representing  the  radii  vectores  by  the  equations 
_     N>i 

the  equations  (3)  can  be  replaced  by 

(5) 

do 

^  P.(l+P,+P.)  +Hp/+p')  =  0    .     (O'^-  =  123,  231,  312) 

The  latter  have  the  Jacobian  integral 

21(5^)  +P<'}+P''(P=+P3)+Pj'(P3+Pi)  +P,=  ('p,-|-P.)  =  a" 

Representing  the  triad  (p; ,  p„ ,  p^)  by  a  point  in  ordinary 
space  whose  rectangular  coordinates  are  (a-,  y,  z),  the  quan- 
tities ~  can  be  real  only  when  the  representative  point  P 
lies  on  the  negative  side  of  the  surface  whose  equation  is 
.r,j  (x+i/)  +  1JZ  (ij  +  z)  +  zx{z  +  x)  +  x-+ir+z-  =  a"-     (7) 

To  determine  how  this  surface  is  cut  by  an  arbitrary 
straight  line  through  the  origin,  put 

X  =  p  cos  a  ,  (/  =  p  cos  fi  ,  z  =  p  cos  y 
with  the  condition 

cos-«  +  cos'-/3  +  cos-y  =  1 
The  equation  (7)  becomes 

V  -h  p=  -  o'  =  0 
where 

k  =  cos  rt  sin'^«-|-cos/3sia'';3-(-(cos'«  +  cos'/3)  Vl— cos'a— cos*^ 
in  virtue  of  the  equation  of  condition  (9). 

The  necessary  and  sufficient  condition  that  the  cubic  (iO) 
have  three  unequal  roots  is 

4  -  27rt'/l-''>0  (12) 

To  find  the  range  of  values  which  the  arbitrary-constant  n* 
may  assume  we  have  then  to  investigate  the  maxima  values 
of  the  function  /,-.  Forming  the  jiartial  derivatives  of  k, 
and  equating  them  to  zero,  we  have  after  an  easy  reduction 

(3cos»rt-l)«cos«y  =  cos'«^3(l-cos*y)-2|'  ( 
(3cos=/3-l)''cos''y  =  cos''/3^3(l-cosV-2J^  \     ^     ' 


(8) 

(9) 

(10) 
(11) 


(75) 
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These  equations  are  equivalent  to 

(9  COS*rt+  1)  cos'y  — (9  cos^y+ 1)  cos'-u  =  0 


(14) 


(9  CO.S^/3+1  )  oos-y— (9  cos-'y+l)  COS'/J  =  0 


the  latter  possess  the  solutions 
(^15)  eosV  =  cos^'/g  = 

(16) 


9  COS^'y 

cos-(£  =  eos-^  =  cos"y 
Putting  the  first  of  these  in  (9)  we  have  the  quadratic 
equation 

(17)  9(C0S''y  — COS'^y)  +  2   =   0 

for  cos'^y,  whose  roots  are 

(18)  cos^y,  =  g     ,     COS^s  =  ^ 
The  first  of  these  roots  gives 

(19)  COS^'rt  =  cos-^/S  =  j!      ,     cos-y  =  § 
and  the  second 

(20)  cos-'a  =  cos°/3  =  cos-y  =  J 

which  is  the  same  as  (16). 

The  values  (19)  and  (20)  assign  to  /.•  the  respective  values 


(21) 


18 


Vo 


V3 


the  former  of  these  and  (12)  demand  that '(-  be  less  than  ^  , 
while  the  second  value  of  k  gives  ^'^^  as  a  superior  limit 
to  a'-. 

It  may  be  concluded  then  that  the  cubic  surface  (7)  has 
a  closed  shell  around  the  origin  of  coordinates  if  the  arbi- 
trary constant  a'  satisfy  the  inequalities 

(22)  0<«^<J 

Since  attention  here  is  to  be  confined  to  the  case  where  the 
radii  vectores  remain  within  finite  limits,  it  will  be  sup- 
posed that  the  condition  (22)  holds. 

The  coordinates  enter  the  equation  (7)  symmetrically; 
accordingly  it  will  be  sufficient  to  study  the  maxima  and 
minima  of  any  one  of  them.  Now  that  the  coordinate  s, 
for  example,  be  a  maximum  or  minimum,  it  must  be  de- 
termined from  the  following  equations. 
(23) 
F(x,  ,j,  z)=xyix+ij)^-uz{y+z)^zx{z+x)  +  x-+>/+z'-a-=Q 

(24)  F,^2x  +  2xy+y'^+2zx+z'  =  0 

(25)  F,j^,2y+ x'^+2xy+2yz  +  z-  =  0 
From  the  last  two  we  have 

(26)  {x-7j)\2{l  +  z)-x-y\=0 
which  gives  either 

(27)  2z~x-y  +  z  =  0 


(28) 


-y  =  0 


Considering  tlie  former  first,  and  solving  (24)  and  (26) 
for  X  and  y  in  terms  of  z  we  have 

x=\+z  +  u     ,     y  =  \+z-H  (29) 

where 

«  =  ±  yj^l+zf+z"  (30) 

Substituting  (29)    in    (23)  there   results   tlie   following 
cubic  equation  for  z, 

q.(z)  =  62»+ 152-^+122+4 -a=  =  0  (31) 

Taking  up  now  the  second  case,  namely  (28),  and  putting 
y  for  X  in  (23)  and  (24)  we  have  the  two  equations 


2x'+2  {l  +  z)x''  +  2z''x+z^—a^  =  0 
3x'+2{l  +  z)x+z'  =  0 


(32) 


1 

0 

3 

0 

0 

0 

-1 

2(1+2) 

3 

0 

-'■ 

0 

2- 

2(1+2) 

3 

-rt= 

-J  2 

0 

.-■-' 

2(1+2) 

0 

z^'-a- 

0 

0 

2^ 

After  a  little  reduction,  the  eliminant  of  these  equations 
can  be  written 

(33) 


=  0 


or  in'expanded  form 

./'(2)  =  122«-362^+ll2^+4(6  +  7a^)2^  (34) 

+  2  (4-21a-)s=-24.;2=+a^(27a=-8)  =  0 

Consider  the  equation  (31) ;  it  has  neither  positive  nor 
multiple  roots.     On  comparing  it  with  the  standard  form 

P,..-'  +  3p^'  +  Sp,x  +iu  =  0  (35) 

it  appears  that  the  function 

(ihPi-P'.Pzf  -  -i  {PUh-Pi)  ilhPi-Pz")  (36) 

is  greater  than  zero  for  all  permissible  values  of  the  con- 
stant a" ;  hence  the  equation  (31)  cannot  have  three  un- 
equal real  roots.  Its  single  negative  root  is  readily  found 
to  lie  in  the  interval  (  — ^ ,  —  |). 

Attending  now  to  the  equation  (34)  and  putting 


^i-z)^^A 


f,{z)  =  A^z  +  A„  f,{z)  =  A^z'+A,z+A„_,  ...  , 

f,{z)  =  A^z^'+A^z'^  .  .  .  +A.^z  +  A, 


(37) 


we  have,  by  a  well  known  theorem  due  to  Thibault,  the 
result  that  the  equation  (34)  has  no  negative  root  whose 
numerical  value  is  greater  than  unity,  since  all  the  num- 
bers of  the  sequence 

/,(1),/,(1),    ...    ,/e(l)  (38) 

are  positive. 
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But  (  —  1)  falls  below  the  interval  (  —  J,— 3)  above, 
accordingly  if  we  are  concerned  only  with  the  superior 
limits  (negatively)  of  the  negative  values  of  z  it  is  un- 
necessary to  consider  the  negative  roots  of  equation  (34). 

As  to  the  positive  roots  of  (34).  on  forming  the  succes- 
sive derivatives  of  i/f(s)  it  appears  that  '1  is  a  close  superior 
limit. 

Hence  the  lower  and  upper  limits  to  the  limiting  values 
of  .-  are  respectivelj' 

(39)  -1.5     ,     +2 

Returning  now  to  the  equations  of  motion,  writing  them 

(4n) 

-A  +  ^'  =  --  \p.iP.+P.)+i(fir+P.'}l  =  ^,., 

ft'         P-  P-  (,;/A-=  123,231,312) 

we  see  that  the  orbits  will  be  periplegmatic  for  values  of  /i 
exceeding  12,  since  the  values  of  the  P^,.  will  then  fall 
below  — 1,  the  greatest  value  of 

(41)  p,(p,+p,)  +  A(p/+p/) 

being  12. 

The  equations  of  motion  can  be  reduced  to  much 
simpler  form  ;  in  fact  subjecting  them  to  the  linear  trans- 
formation 

(42) 

<^i  =  Pi+Pa+Pj  >  Pi  =  5(<^i"''<^sn/2) 

T2  =  VKPj-Ps)  ,  P=  =  *IK2<^i-<^3V2)  +  <r,Vfl 

0-3  =  V2Pi-VKp2+Ps)  .  Pz  =  *r'(2<^i-°'»V2)-<r,V|| 


they  become 

/ 

rfVi 

rfc^ 

(43) 

+  <^l  +  <^l" 


=  0 
=  0 


(  ^+<^,  +  iV2(cr,— <r3-^)=0 

The  first  of  these  equations  can  be  completely  integrated 
by  elliptic  functions. 

The  Jacobian  integral  becomes  in  the  new  variables 

(44)  j  ^  j  (^y V  <r.=  I  +  i  a,'  +  i.  V2  T,  (3<T,=  -  <r,^)  =  3a' 

The  transformed  system  possesses  the  particular  solu- 
tion 

(45)  cr,  =  a,  =  (• 

which  leads  to  a  periodic  solution  of  the  motion.      In  this 
case  we  have  the  single  differential  equation 


(4C) 


(^^y=3<,'-cr,^+iV2cr/ 


On  putting 
the  last  equation  becomes 


ic-^ 


:£)'-*--"-«■ 


(i~) 


(48) 


which  is  identical  with  an  equation  integrated  by  Dr.  Hill, 
in  the  memoir  cited,  by  the  aid  of  elliptic  integrals. 
Setting 

tr„  =  2V2i     ,     <r,  =  2v?v  (49) 

the  last  two  equations  of  (43)  become 

y4+f+2f,       =0 

dl-  ' 

d^ 

dv- 


(50) 


i+'7+f^ 


==0 


By  ordinary  methods  this  system  could  be  reduced  to  an 
equivalent  one  in  which  only  first-order  derivatives  appear, 
and  any  of  the  known  processes  be  employed  for  their 
approximate  integration.  In  their  present  form  the  equa- 
tions are  in  convenient  shape  for  the  successful  application 
of  Lindstedt's  series.     To  this  end  we  should  assume 


(51) 


—00  —CD  ) 

where  A,  A',  k,  k'  are  constants,  and  i,  i'  are  integers  rang- 
ing over  all  values  from  — oo  to  -f-oo .  Substituting  these 
values  in  (50)  we  find  that  the  constants  A,  A',  k,  k'  must 
satisfj'  the  conditions 

-MO  (52) 

[(,-A-  +  i'k'r+ 1  ]  A,, ,,  +  2^2  J,_.  ,_, A.  ,  =0 

—00 

[{ik+i'k'r-+\-\A'„,  +    '2^\A,_,,,_,A,,,-A'^,,,_,A',,\=0 

for  each  combination  of  the  indices  /  and  i'.  Further,  since 
$  and  7j  as  periodic  functions  of  i-  involve  only  cosines,  we 
have  the  additional  relations 


.1   ,  _.,  =  -J. 


A> 


=  A'. 


(53) 


2.  Hill's  interesting  example  in  the  case  of  two  orbits 
can  be  made  available  in  that  of  three  in  a  great  variety  of 
ways.  For  this  purpose  it  is  only  necessary  to  use  linear 
substitutions  properly  chosen  either  to  be  orthogonal  qr  to 
transform  the  lineal  element  of  the  plane  into  a  multiple 
of  itself. 

Thus,  for  example,  consider  the  problem  of  three  orbits 
characterized  by  the  orbital  potential  function 

r  =  -i  (.V«+  Y'+Z-)  -  2  .V«-  y+  YZ*       (54) 

where  (55) 

A'=p,  +  p.,  +  p3    ,     }'=  V.MP;  — Pa)    ■     ■^=  \/2[pi  — ^(Ps+Pi")] 
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On  forming  the  equations  of  motion,  and  operating  on 
tliein  with  tlie  .substitution  (55),  we  obtain  the  sj^steni. 


(56) 


av 


+  Z  -  'JYZ         =0 


the  tirst  of  whose  equations  is  rigorously  integrable  by  ellip- 
tic funetions;  and  the  last  two  are  readily  reduced  by 
linear  transformation  to  the  pair  studied  by  Hill  to  whose 
approximate  integration  he  applied  Lixdstedt's  series  and 
Delaunat's  transformations. 

3.  The  following  generalization  of  the  preceding -results 
to  the  problem  of  n  plane  orbits  may  not  be  without 
interest. 

Putting  as  before 
P 


(57)  7.-1  ="■         '         ('=1'2, 

let  the  orbital  potential  function  be  of  the  form 
(58) 


n) 


Then  the  differential  equations  of  motion  are 
(59) 
^-Bi+p^+J  P,^  Pj  +  i^  Pi  I  =  0  ,  (i  =  1,  L>, . . .  ,  7* ; ,/ ±  -n 


(60) 


Representing  the  radii  vectores  by 
P-Pi 


t+/ 


(/=  1,2, .  .  .  ,  «) 


the  parameter  fj.  disappears,  and  the  equations  become 

(61) 

d 


The  Jacobian  integral  of  this  system  is 


<«'^)2  SWUS'-  2H  = 


'"-  ,  (;±o 


Designating  the  p's  as  point-coordinates  in  an  ordinary 
M-dimensional  space,  in  order  that  the  velocities  be  real  it 
is  necessary  that  the  representative  point  should  lie  on  the 
negative  side  of  the  surface  whose  equation  is 


^63) 

Setting 
(64) 
with  the  condition 

(65) 


1^1' 

ar(  =  p  cos  (Xj        ,        (i=l,  2,  ...  ,  n) 

2J,  cos-«,  =  1 


the  manner  in  which  an  arbitrary  straight  line  through  t)ie 
origin  cuts  the  surface  (63)  is  determined  by  the  nature  of 
the  roots  of  the  cubic 

A-p'  +  p-  -  '/-  =  0  (66) 

where 

(67) 


k  =  ^cos'tt,  (  2^  ^'^^  "■!  )  ' 

=  yi  N/i  cos  «|  cos  «j  (cos  a,+ COS  «,) 


=  ^  J  cos  «,  (1  —  cos^'k,)  +  cos^'k,  1/  1  —  ^  cos' «,  f  I 

in  virtue  of  (65). 

The  cubic  (66)  will  have  three  unequal  real  roots  if  tlie 
condition 

4-27aU-=>0  (68) 

is  satisfied. 

Forming   the  partial   derivatives   of  k   with   regard  to 

«, ,  ttj , ,  «„_i ,  and  equating  them  to  zero,  we  find  the 

following  conditions  for  maxima  and  minima  of  k  :  either 

sin«.  =  0     ,     ((■=1,2,  ...  ,  w-1)       (69) 
or  (70) 

(3cosV-l)  Vl— cos^a,.  +  cos«,[3  (l-cosV,)-2]  =  0 

(;=1,2,  ...  ,  n-\) 

The  resolution  of  the  latter  system  gives  either 
1 


Ocos'^a, 


((•=1,2,  ...,«— 1) 


C0S-«i=   COS'-(C  =    .  .  .    =  C0S"«„_i   =   COS'lt,, 

The  first  of  these  on  substitution  in  (65)  lead  to 
0  (cos*«„  — cos'«„)  +  ?i  —  1  =  0 
whose  solution  is 

cos^rt,,  =  ^  ±  ^  V9— 4(h— 1) 


(71) 
(72) 

(73) 
(74) 


which  has  been  already  found  for  n  =  3,  and  which  be- 
comes imaginary  for  n  >  3. 

The  values  (72)  and  the  equation  (65)  give 

1 


cos'«„  = 

n 

which  substituted  in  (67)  demands  that 
k 


^  =  («-l)Ji 


(75) 


(76) 


Hence  the  constant  of  integration  a"  must  satisfy  the 
inequalities 


0<«=<^ 


(77) 


27  {n-Vf 

in  order  that  a  branch  of  the  surface  (63)  completely  en 
close  the  origin. 
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Oa  putting  n  =  2,  and  .'5.  we  have  from  (77)  the  particu- 
lar values  of  the  constant  found  by  Dr.  Hill  and  above. 

The  equation  (63)  is  symmetrical  with  respect  to  all  the 
coordinates,  so  it  will  be  sufficient  to  determine  the  maxima 
of  any  one  of  them,  say  ./•„ ,  and  for  convenience  we  write 
s  in  place  of  x„.  We  have  then  to  solve  for  .-  the  system 
of  equations 

,78) 


^  I        ^  1  1 

n-l  n-l 

(79)       II  =:  2-^+2«x.  +  ^f+  2x,  fl  +  ^xA^O 

From  equations  (79)  are  immediately  obtained  the  fol- 
lowing 
(80) 


<fx,  —  (fxi-^iXi—SC^.) 


'l 


z  + 


2'.+i)- 


o; ''-1,2, . 

These  last  equations  require  either 


(81) 


:  + 


s^^ 


+  1 


-  .r-  —  j;.  =  0 
(/,/'=  1,2,   .. 


-xA    =  0 


>i-l;J±;,J±i') 


,i-l;J±i,j±i') 


(82)  .r,  =  x„  =  .  .  .  =  ar„_2  =  x„_, 

The  equations  (81)  are  equivalent  to  the  following: 

(83) 

2\_s  +  l  +  {n-3)  Xj  +  1]  -  x^-T,  =  0 

•"-l         •'■o=-  •  ■=Xj-\=Xj=:Xjj^i=...=X^_i^=X^^^=^X^^„=...=X^_^ 

and  in  this  case  we  have  for  the  determination  of  s  the 
following  three  equations : 
(84) 
,  2(1-1-2)  +  (^2,i-7)xj-x,  =  0 

\  ||  =  s^+22:r,-t-(«-2)V+2a-.[l  +  («-2).rJ  =  0 

)     qr  =  z\\  -|-(«-2)x,^-xJ-|-<(«-2)a•/+^»=]+(«-2)(n-3)V+ 
\  +  («-2)(a-^.-f  r,)  xfc,  +  (»-2)  a;/+a-»=-a'  =  0 

The  first  two  of  these   equations   yield  the  following 
values  for  jv  and  .c,  in  terms  of  z  : 

(85)         Xj  =  u{z  +  l)  +  uy     ,     J-.  =  /?(»-!- l)  +  (2w- 7)  oi 

where 


/       _  11-4H  _        8«-25 

1   "  ~  (»-2)(4»-13)     '     ^-(».-2)(4«- 


13) 


V(17 


^H)(z-|-1)-^— (n— 2)(4>t— 13)  z" 
(n— 2)(4n— 13) 


for  «  =  3,  these  values  give  (29)  and  (30) ;  for  n  >  4  the 
values  (85)  become  imaginary,  for  this  reason  the  single 
equation  for  z  need  not  be  written  out  here  which  results 
from  the  substitution  of  (85)  in  the  last  of  equations  (84). 
Considering  the  second  set  of  conditions,  namely  (82), 
we  have 

qp  =  {n-l){n-2)x?-\-  {n-V){z  +  \)x?  "j 

4-(M-l)s»j,-l-s'-a2  =  oK    (87) 
(p^,=Z{n-2)x^-\-2{z+l)x,  +  z-  =oj 

Neglecting  the  constant  factor  2  — «  the  eliminant  of 
these  equations  is 

(88) 
n—l  0  3  0  0 

(w-l)(3+l)  (/i-l)(»-2)  2(s+l)  3(«-2)        0 
(»-l)3=      {n-l){z  +  l)        z"       2(2  +  1)  3(»-2) 


(n-l); 


0 


2(s  +  l) 


0 


which  in  expanded  form  is 

G 

F(z)^^c,z 

0 

where 


=  0 

(89) 
(90) 


c,  =  («-l)^(4;i-9)       ,         c,  =  2(«-l)(21-10«) 
c,  =  27  (m-2)=+(«-1)(49-19«), 

c,  =  2(n-l)[6+(9n-20)«'] 
r;,  =  2^2(»-l)-f3a»[(w-l)(3M-8)-9(n-2)-]^, 
^5  =  -12(«-1)«=        ,         <•,  =  a*[27(»i-2)V-4(n-l)] 

On  making  n  =  3  these  coefficients  assume  the  values 
of  those  of  equation  (34). 

In  assigning  limits  to  the  roots  of  the  equation  (89)  it  is 
a<lvantageous  to  know  the  algebraic  signs  and  relative 
magnitudes  of  the  coefficients  (90). 

The  indeterminate  n  obviously  assumes  only  positive  in- 
tegral values  ;  for  all  such  values  of  n  the  coefficients  r,  and 
'■,  are  positive,  Cj  and  („  are  negative  ;  for  n  =  or  >3,  the 
coefficient  r^  is  positive  and  <\  negative.  The  coefficient 
c^  is  positive  or  negative. 

Putting 

"' = " i^  (;r3i)-.    '    («<«<!)        (91) 

the  difference  between  c,  and  i\  may  be  written 

3(,3-10H)('i-l)'  +  4«H(6H'-2r)H  +  2S)  (92) 

neglecting  unambiguous  constant  factors.  This  difference 
is  negative  for  n  =  3 ;  it  is  always  negative  since  its  van- 
ishing would  demand 


O   (^10»-3)(,H-1)* 

4n(6n'-2oM  +  2S) 


(93) 


80 


THE  ASTKONOMLCAL  JOURNAL. 


N"-  501 


(94)         — .: 


the  latter  fraction  is  greater  than  unity,  since  each  of  the 
fractions 

;?(10«-;5)  (7^-l)'' 

~t„  ~'     '     6«2_25n+28 

is  improper  for  all   positive  integral  values  of  n  ;  but  by 
hypothesis  «  is  less  than  unity. 

Accordingly  t\  is  the  largest  (numerically)  nf  the  nega- 
tive coefficients,  since  it  is  also  numerically  greater  than  <■„. 

Then  a  superior  limit  to  the  positive  roots  of  eqiiatiou 
(85)  is 

1    ,  2(»-l)(10n-21)   ^  A^10« -21^ 

i-'^>        ^+     (n-l)=(4n-9)  ^(„_l)(4«-9) 

To  assign  limits  to  the  negative  roots  it  is  necessary  to 
examine  the  relative  values  of  r,  and  c, .  The  difference 
c,—r^  may  be  written 

(96)         («- 1 )  [81  (« - 1)=+  2««  (9«  - 20)] 

_  54  (K-l)8_6rt«  [6»^-25«  +  28] 

omitting  a  positive  factor.     The  vanishing  of  this  differ- 
ence leads  to 

1        2T(n-iy 


(97) 


2w  46re— 9m'— 64 


which  is  less  than  zero  for  all  positive  values  of  n  greater 
than  zero,  which  is  a  contradiction.  We  may  then  con- 
clude that  F(  —  z)  has  no  negative  coefficient  whose  numer- 
ical value  is  greater  than  the  absolute  value  of  Cj . 

Then    a   superior    limit    to  the    absolute   values    ot    the 
negative  roots  is  given  l>y 

(98)      

J      3|81(?i-l)^+2ara(9w-20) 

"•"■V        27(n-l)'(4«-9) 


L)»(47, 
=  1  + 


[81(M-l)-+2«w(9w-20) 
3(»  — l)'\l  4»  — 9 

Further,  the  superior  limit  (95)  is  numerically  greater 
than  the  superior  limit  (98). 

Writing  the  equations  of  motion  (61)  in  the  form 

(99) 

av        fx  fj.  ( 

,  ";  ,/±') 

the  necessary  and  sufficient  condition  that  the  orbits  be 
periplegmatic  is  tliat  no  P,  should  fall  below  —1.  It  is 
clear  that  no  P,  exceeds 


1       1 

(/  =  !,;; 


(100) 

hence  if 
(101) 


iin-1)       1  + 


2(10w-21) 


j       '   («-l)(4«-9) 


[(«-l)(4ft-9)  +  2(10»-21 
''      -  (w  — l)(47i— 9)'' 


)T- 


the  orbits  of  the  system  studied  are  periplegmatic.  It 
should  be  added  that  the  fraction  in  this  formula  (101)  is 
not  necessarily  the  inferior  limit  to  the  parameter  /*,  that 
is,  the  quality  of  being  periplegmatic  may  obtain  for  smaller 
values  of  ^  than  those  given  liy  (101). 

4.  Tliere  may  V)e  interest  in  the  examples  below  wliere 
the  orbits  are  entangled  —  that  is,  so  related  that  one  can- 
not be  determined  without  the  virtual  determination  of  the 
other  —  and  yet  capable  of  complete  construction  by  the 
aid  of  elliptic  functions.  The  systems  may  be  generalized 
in  a  number  of  ways,  both  for  pairs  and  several  orbits. 

Thus,  if  the  potential  is  of  the  form 

6  r  =  -3  (pr+p/)  -  2^  (p.'+2p^p.,0  (102) 

as  in  the  preceding  problems  the  equations  of  motion  may 
be  written 


^Up,+pr+p/ 


(103) 


0 


The  curve  enclosing  the  area  of  real  velocities  has  the 
equation 

.,-+!/-+  §  .>•»+ 2.-7/-  =  a-  (104) 

which  has  a  branch  enclosing  the  origin  if 

0  <  a-  <  J  (105) 

The  maxima  values  of  a-  are  roots  of  the  equation 

2z'  +  3(a:--«-)  =  0  (106) 

which  for  all  permissible  values  of  «^  has  roots  in  the  in- 
tervals 

(-3,-1)     .     (-i,  0)     >     CNi)  (107) 

The  maxima  values  of  //  are  roots  of  the  equation 

16(//_12(y/^)-^+2//-+3«-(3a--l)  =  0        (108) 

this  equation  in  y-  has  only  positive  roots  to  which  |  is  a 
superior  limit  for  all  admissible  values  of  ir;  the  number 
of  these  values  of  i/-  is  one  or  three  according  as 


[3^4<^<(3k--1)--1]  ^0 
The  corresponding  orbits  will  be  periplegmatic  if 


Putting 

p,  +  p..  =  t' 

the  equations  (103)  become 


Pi  — Pi^  =  V 


d'i 


d, 


;-i-f+^-  =  o 


(109) 

(110) 
(111) 

(112) 


(/(■■- 


'+  v+  r  =  •' 


which  are    immediately  integrable    rigorously   by   elliptic 
functions. 
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A  great  variety  of  more  general  problems  analogous  to 
this  last  one  can  be  designed  by  putting  V  in  the  form 

(113)  V  =   F3+  V,+  F, 

where  V„  designates  a  homogeneous  form  of  the  tnth  de- 
gree ;  choosing  as  coefficients  certain  functions  easily 
constructed  of  twelve  constants, 

(114)  «! ,  /;, ,  '■, ,     r/o ,  l>., ,  c, ,     «, ,  /3, ,  yi ,     «•■ ,  /3o ,  72 
arbitrarily  chosen  to  satisfy  the  relations 


as  grave  inconvenience  as  the  approximate  integration  of 
the  differential  e(juations. 

Another  obvious  extension  would  be  the  admission  of 
the  independent  argument  v  into  the  function  V.  Its  pres- 
ence would  add  immediately  to  the  difficulties.  Thus,  for 
examjjle,  let  (•  enter  the  potential  linearly  and  assume  the 
latter  in  either  of  the  forms 


(115) 


(2«,c,  +  /3,  +  l)a,62-(2a,C2+^,,+  l)  ,ub,  =  0 
(2a,r^  +  li,  +  iy-{2u.,-„  +  fi,  +  iy-         '     =0 


w=  -h(p,'+pi)-g{p^*+P-^)  + 


;^>^.;'        J    (118) 

/i(p,-+p.,-)i;    S 


the  substitution 

(116)       A' =  ",p,  +  /']Pj+c,     ,      Y  =  <i.,pt+b„p^_+c„ 
will  tlien  reduce  the  equations  of  motion  to  the  form 
I  d-X 

d-Y 


(117) 


+  «,X-  +  y3,A'+7i  =  0 

'^  +«,r-^+^,r+y,  =  0 


whose  integration  offers  no  difficulty. 

5.  The  forms  to  be  assigned  to  Fare  as  various  as  there 
are  functions.  It  might  be  kept  a  rational  integral  function 
of  the  p's  alone,  but  its  degree  increased;  as  auxiliary  to 
the  discussion  would  then  be  demanded  a  study  of  curves 
and  surfaces  of  higher  degree,  and  the  resolution  of  the 
corresponding  algebraic  equations  would  be  attended  with 

Princeton,  Xew  Jersey. 


after  suitable  linear  transformation  of  the  variables  the 
integration  of  the  equations  of  motion  can  be  reduced  to 
that  of  equations  of  the  form 

d'X 
'd? 


=  6A'-  + 


d'^X 
do 


(119) 


2  =  2 A'' +  fA' +  «    ,    («  a  numerical  constant) 


simple  as  are  these  equations  neither  of  them  can  be  inte- 
grated in  finite  form  in  terms  of  known  algebraic  or  trans- 
cendental functions  ;  in  fact,  Fainlevk  has  shown  {loc.cit.) 
that  the  above  equations  define  new  uniform  functions  of 
V  meromorphic  throughout  the  plane.  It  may  not  be  out  of 
place  here  to  remark  that  Paixleve  has  found  a  third 
category  of  differential  equations  of  the  second  order  de- 
fining new  uniform  transcendents ;  to  use  the  latter  for 
purposes  of  illustration  in  this  connection  it  would  be 
necessary  to  allow  the  argument  r  to  enter  the  potential 
function  through  an  exponential  function,  to  say  nothing 
of  other  complications. 


OBSERVATIONS   OF  COMET  CL  1904  {biwoks), 

MADE    WITH   TUE    12-INClI    EQUATORIAI.   AT  TUB    L".  S.    NAVAL   OBSEKVATOKT, 

By  J.  C.  HAMMOND. 
[Commimicated  by  Kear-Admiral  C.  M.  Cuestek,  U.S.X.,  Superintemleut.] 


1004  Washington  M.T. 

* 

Comp. 

Ja 

J8 

App.a 

App.8 

log  /»A 

Red.  10  A  pp.  PI. 

Apr.  17   lo'5d"56° 

1 

24  ,  8 

-0'"39!05 

-1  39.3 

le"  55"  48^87 

+  44"  51'  50!l  «9.76S 

0.275 

+  1*58   -7^3 

17   15  47     0 

1 

30  ,  6 

-1  13.42 

+  6     8.1 

16  55  14.51 

+  44  59  37.6     9.004 

9.954 

+  1.59  -7.2 

18  11  29     0 

2 

29  ,  6 

-1   28.10 

-5  45.6 

16  52  56.79 

+  45  30  18.6  H9.723 

9.994 

+  1.62  -7.1 

19   10  45  49 

3 

29  .  6 

+  3  41.26 

-2  38.2 

16  50     8.42 

+  46     6  16.4  H9.770 

0.202 

+  1.67   -6.8 

20  10  34  51 

4 

35  ,  7 

-0     5.10 

-6  11.3 

16  47   10.97 

+  46  42  22.7  n9.778 

0.206 

+  1.70  -6.6 

21    11   10  46 

5 

29  ,  6 

-2  47.92 

+3     3.2 

16  44     1.71 

+  47  19  18.5  M9.734 

9.864 

+  1.73   -6.4 

22  12  24  5S 

6 

30  ,6 

+  3  57.38 

+  2  40.1 

16  40  41.09 

+  47  56  25.0  119.571 

»»9.764 

+  1.79  -6.1 

23  15     9  28 

7 

30  .  fi 

-3     0.75 

-0  16.6 

16  37     1.73 

+48  34  47.9  1  9.081 

h0.1o4 

+  1.81   -5.9 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

') 
3 
4 

16  56  26.34 
16  54  23.27 
16  46  25.49 
16  47  14.37 

+  44  53  36.7 
+  45  36  11.3 
+  46     9     1.4 
4-4fi  48  40.6 

Bonn,  A.G.  10878 
Bonn,  A.G.  10847 

1  s  ( .Mnilnui  1S76.  8773  + 
TJCrwnwli-h  issii,  20«i 

Bonn,  A.G.  10765 

5 

6 

16  46  47.90 
16  36  41.92 
16  40     0.67 

+47°  Ig'  21!-    Bonn,  A.G.  10763 
+47  53  51.0    Bonn,  A.G.  10666 
+48  35  10.4     Bonn.  A.G.  10690 
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ELEMENTS   AND   EPIIEMERIS  OF   COMET  cl  1904  {urooks), 

By  EVEUETT    I.  YOWELL,  Navai,  Obsekvatoicy, 
[Communicated  by  Rear-Aiimiral  C.  M.  Chestek,  U.S.N.,  Superintendent.] 
Tlie  following  elements  were  deilueed  from  observations   1 
made  at  the  U.  S.  Naval  Observatory,   April   17,   19  and    ,       O..M.T.  c 


21. 


T  =   1904  March  4.7444  G.M.T. 


w    ^ 

ft  = 


log  '/    = 


328  17 
275  37 
125    r, 

0.431614 


9.9 

12.9 

1.1 


- 1904  0 


Heliocentric  Coordinates. 


X  =  r  [9.763676]  sin  (222  57     1.1 +  r) 

,/  =   r[9.994703]  sin  (300  12  42.8  +  i')  ir,.r>         1 

s   =  r  [9.918576]  sin  (  24     7  41.2  +  v)  19.5         14 

The  brightness  at  the  date  of  discovery  is  adopted  as  the  unit.     Comparison  with  an  observation  made  heie  April 
23  gives  as  corrections  to  the  ephemeris  :     /la  =  —  1*     ,     z/8  =  +15". 


Mav     1.5 


6.5 

7.5 

8.5 

9.5 

10.5 

11.5 

12.5 

13.5 

14.5 

15.5 

19.5 


S  4(;.7 
4  42.7 
0  ;!4.0 
56  20.9 
52  3.5 
47  42.1 
43  17.1 
38  48.8 
34  17.6 
29  43.7 
25  7.7 
20  29.9 
15  50.8 
11  10.8 
()  30.3 
47  52.7 


Epiiemkuis. 

& 

+  52  31  5;5 

52  58  49 

53  24  42 

53  49  31 

54  13  16 
54  35  54 

54  57  25 

55  17  47 
55  37  1 

55  55  5 

56  11  58 
56  27  41 
56  42  14 

56  55  36 

57  7  49 
45  25 


+; 


log  A 
0.. 35528 
0.35037 
0.35754 
0.;!58.Mi 
0.3(;(il4 
0.3615(; 
0.36305 
0.36462 
0.36626 
0.36796 
0.36974 
0.37158 
0.37348 
0.37544 
0.37746 
0.38607 


Br. 

0.99 


(1.99 
(1.98 


0.98 
0.97 


0.97 
0.96 
0.95 


COMET  CL   1904. 

[Extract  from  Ritchie's  Circular  No.  13(i.] 


On  April  17  the  announcement  of  the  discovery  of  a 
comet  by  Mr.  W.  R.  Brooks  was  received  via  Harvard 
College  Observatory,  the  position  given  being,  April  16, 
9"  50'"  Washington  Time;  E.A.  16"  58"  10^  Decl.  +44° 
10'.  A  position  from  Professor  Seares  of  Columbia,  Mo., 
was  received  on  April  18  and  was  circulated  among  Amer- 
ican astronomers  for  the  second  position.  Other  positions, 
as  hereunder  noted,  have  been  received  through  the  courtesy 
of  Directors  Campbell,  Seares  and  Commander  Robinson, 
and  a  series  of  ante-discovery  places  from  the  Harvard 
photographic  plates  has  been  communicated  bj^  Professor 
E.  C.  Pickering. 


1904  Gr.  M.T. 

" 

8 

Observer 

Mar. 

15.899 

h       111        s 

17  56     8 

+  20  21     - 

Harvard ") 

Apr. 

1.889 

17  18  44 

34  29     - 

Harvard  | 

5.850 

17  20  20 

37     7     - 

Harvard  j^  + 

13.825 

17     4     4 

42  28     - 

Harvard  | 

16.855 

10  50  28 

44  23     - 

Harvard  J 

17.65787 

10  55  50.18 

44  51  30.1 

U.S.X.Obs. 

17.6592 

16  55  49.6 

44  51  32 

Seares 

17.66607 

16  55  48.87 

44  51  50.1 

U.S.N.  Obs. 

17.7132 

16  55  40.8 

44  53  37 

Aitken 

17.87169 

16  55  14.51 

44  59  37.6 

U.S.N.  Obs. 

18.6289 

10  53     7.6 

+  45  27  56 

Seares 

'  These  positions  arc  referred  to  equinox  1S5.5.0. 


OBSERVATIONS   OF  BROOKS'S   COMET  a  1904, 


made  at  the  GoonsELi.  obsekvatory  with  the  16-inch  refractor, 


1904  Northfield  M.T. 

Apr.  IS  lo"  19™45' 
18  10  19  45 
20     9  48  53 
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9  ,4 
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-0     6.91       -5  41.1     16  47  18.36     +46  42  51.3     w9.773     0.488 


App.  5 

+  45°  3o'  10^8 
+45  30  13.9 


logpA 


n9.754 
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0.458 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 
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a                   app.  place 

8                app.  pla 

h       111       s 
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2 

16  54  23.37 

+  1.51 

+  45  36  13.9       -7.1 

3 

10  47  23.57 

+  1.70 

+  46  48  43.0      -0.7 

Authority 

DM.  45°2471 

Arg.  N.Z.  120,  28-29 

Arg.  N.Z.  126,  21 
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THE   OKBIT   OF   THE   FIFTH   SATELLITE   OF  JUPITER, 

Bt  EMILY  ELISABETH  DOBBIX. 


While  the  writer  was  a  student  at  the  Yerkes  Observa- 
tory, in  the  summer  of  1902,  Prof.  Barnard  requested  her 
assistance  in  testing  the  relative  worth  of  Cohn's"*  and 
Tisseraxd's'-'  values  of  the  orbital  elements  of  the  Fifth 
Satellite  of  Jupiter.  The  method  used  has  been  explained 
in  connection  with  the  publication  of  his  measures  of  that 
year,'^'  and  the  results  of  my  work  are  incorporated  in  the 
same  paper.  These  results  aroused  a  conviction  that  the 
orbit  which  Mr.  Cohn  had  obtained  from  measures  made 
in  1892,  1893  and  1894,  by  Prof.  Barnard  and  Prof. 
Struve,  was  not  satisfactory  when  used  in  connection  with 
observations  of  the  later  years  1898,  1899  and  1902 ;  and 
furthermore,  that  the  method  we  were  using,  while  sufficient 
as  a  test,  was  not  adequate  to  the  derivation  of  an  accurate 
set  of  elements.  Prof.  Barnard  suggested  that  I  under- 
take a  complete  solution  of  the  problem,  using  all  the 
measures  obtained  by  him  subsequent  to  the  work  of 
Mr.  CoHN,  including  the  then  unpublished  work  of  1902. 
This  problem  had  been  carried  nearlj'  to  comjiletion  when 
the  prospect  of  additional  observations  in  the  summer  of 
1903  postponed  its  publication.  Thus,  I  have  been  able 
to  use  this  longest  and  most  excellent  series  of  observa- 
tions. 

Only  the  observations  of  Prof.  Barnard  are  considered 
in  this  paper,  though  I  am  aware  of  the  extensive  labors 
of  Dr.  R.  G.  AiTKEN'*'  of  the  Lick  Observatory.  The 
homogeneity  gained  by  excluding  such  observations  seems 
to  more  than  balance  any  loss  in  quantity. 

Reduction  of  Observations.  The  observations  of  1898 
and  1899  are  published  in  A.J.  472,  Vol.  XX,  and  those  of 
1902  in  Vol.  XXIII,  No.  544.  The  measures  of  the  first 
two  years  are  corrected  for  the  accepted  value  of  the 
micrometer  screw,  mentioned  in  the  last  paragraph  of  the 

C)A)itr.  Sarhr.,  Bd.  14:i,  g.  2Mi. 
(-)  Comptes  Reiulus,  CXIX,  p.  5S1. 
[^)Aatr.  Journ.,  No.  544,  p.  152. 
<*)L.O.B.,  No.  51. 


latter  paper.  The  diameter  used  was  that  obtained  by  the 
observer  for  each  evening  of  observation,  based  on  his  own 
series  of  measures  on  previous  years. •^'  Combining  this 
value  with  the  micrometrical  measures  of  the  Fifth  Satel- 
lite gives  the  obvious  advantage  of  identity  of  observer, 
method,  and  instrument.  The  time  of  observation  was 
corrected  for  planetary  aberration,  and  the  phase  correction 
made  when  necessary. 

In  finding  normal  places  effort  was  made  to  have  the 
intervals  of  time  about  twelve  minutes,  though  rarely  the 
series  will  appear  interrupted.  It  is  to  be  noted  with 
interest  that  on  some  nights  the  average  number  of  settings 
made  within  the  interval  of  time  is  twelve,  and  on  other 
nights  the  average  runs  lower.  The  measures  of  Septem- 
ber 9,  1902,  are  of  wonderful  rapidity,  as  many  as  IS  fre- 
quently made  in  eight  minutes.  The  work  of  1903  is  a 
marvel  of  regularity,  as  42  out  of  the  73  normal  places 
rest  on  9  settings  each. 

Comparison  of  Ohservations  irifh  £jiheitieris.  After  re- 
ducing the  observations,  an  ephemeris  was  computed  which 
gave  the  distance  of  the  satellite  from  Jupiter's  center  for 
the  times  corresponding  to  the  normal  places.  The  form- 
ula of  the  late  Jlr.  Marth'"'  was  used  with  Cohn's  elements 
as  the  basis  of  a  circular  orbit,  which  the  small  eccentricity 
readily  permits.  In  order  to  determine  the  inclination  of 
the  orbit  and  longitude  of  the  node  with  any  more  accuracy 
than  has  already  been  done,  a  great  many  measures  of  the 
ordinate  are  necessary,  and  these  are  not  at  hand.  Onlj- 
29  were  made  in  1898,  10  in  1899,  and  8  in  1902.  As 
these  few  could  furnish  no  more  than  10  normal  places,  it 
is  not  worth  while  to  attempt  any  refinement  of  correction 
by  their  use.  Prof.  Barnard  realizes  the  importance  of 
the  y-component  of  the  satellite's  position,  and  expresses 

('■)Astr.  Journ.,  No.  325,  p.  102. 
Astr.  Nachr.,  lid.  157,  s.  265. 
(«)J/on.  Not.,  Vol.  LI,  p.  506. 
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the  intention  of  devoting  more  time  to  its  measurement 
hereafter.  Such  data  I  liope  to  use  later  for  the  second 
part  of  the  problem,  but  in  the  present  paper  onlj'  the 
r-coordinate  is  used,  and  onlj'  the  elements  in  the  orbital 
plane  can  be  considered. 

The  plane  of  Jupiter's  equator  was  selected  as  the 
fundamental  plane,  with  origin  at  the  planet's  center. 
Then, 

.,■  =  a  sin  (y  —  L) 
in  which 

n  =  mean  distance  of  the  satellite  from  Jupiter's  center 

iiKthe  geocentric  distance  of  Jnjnter. 
p  =  geocentric  distance  of  Jupiter. 
(p)  =  assumed  mean  distance  of  planet  from  Sun. 
(«)=  mean  distance  of  satellite  from  Jupiter's  center  as 

seen  at  mean  distance  of  planet  from  Su7i. 
n  =  daily  motion  of  satellite  in  its  orbit. 
(■  =  longitude  of  satellite  in  its  orbit,  starting  from  its 

ascending  node  on  Jujjiter's  equator. 
L  =  Jovicentric    right-ascension    of    Earth    on    Jupiter's 

equator. 

Evidently  for  each  time  of  normal  place, 


where        (a)  =  48".065,  the  theoretical  value  of  Cohn. 
(p)  =  5.2028. 
p,  obtained  from  the  American  Ephemeris. 

Also,         (',  =  226°.40  Nov.  1,  1892,  from  Cohn. 

»  =  722°.6;516. 
L,  obtained  from  Mon.  Not.  as  computed  and  published 
by  Mr.  Crommelix. 
Before  proceeding  to  the  Ephemeris,  attention  is  called 
to  the  following  errors  in  the  publication  of  the  work  of 
1902  {A.J.  544),  all  of  which  have  been  approved  by  Prof. 
Barnard : 

Page  155,  Aug.  21,  omission  of  last  observation, 
11"  50'"  50'     ,     30".92     ,     61".40     ,     2 

"  155,  Aug.  25,  ^c  lo'4y"47Vea(f  lo'5o'"47' 

«  155,  Aug.  25,  '  "    11  30  14      "  11  31  14 

"  156,  Sept.   9,    "    10  59  23      "  10  59  21 

"  154,  19th  line  "     +82°.0         "  +SS2°.() 

The  east  and  west  elongations  of  1899  as  published  by 
the  Co7i)i.  des  Temps  are  interchanged. 

In  the  following  comparison  of  observation  with  calcu- 
lation, Wt.  indicates  the  number  of  settings  employed  in 
the  normal  place,  C  the  value  of  x  obtained  from  the  ephem- 
eris, and  R  the  residual  obtained  after  substituting  in  each 
equation  of  condition  the  values  derived  from  the  solution 
of  the  normal  equations  of  that  year. 


G.M.T.        Wt.  Observed  Computed      O— C 


Mar. 


Apr. 


20 


26 


17  35  44 

18  7  48 
18  19  46 
18  41  41 
18  57  38 

16  50  22 

17  7  18 
17  24  24 
17  42  49 

17  55  59 

18  9  40 
18  24  18 
18  41  11 

18  56  19 

19  12  44 
14  44  49 

14  58  8 

15  8  28 
15  20  30 
15  31  35 
15  44  5 

15  54  41 

16  6  55 
16  17  19 
14  14  4 
14  26  22 
14  39  24 

14  49    3 

15  4  58 
13    2  59 


3  +49.78 
6  54.59 

4  54.64 

5  53.77 

6  52.41 
5  45.32 

7  49.50 


10 


11 
12 
11 


9 
9 
11 
12 
11 
13 


54.90 
55.29 
55.00 
53.75 
51.51 
48.33 
43.80 
54.65 
55.49 
55.70 
55.69 
55.28 
53.95 
52.78 
49.97 
47.21 
53.64 
52.44 
50.08 
48.15 
44.25 


11   +53.57 


+  50.78 
54.70 
55.07 
54.19 
52.29 
45.61 
49.75 
52.83 
54.82 
55.37 
55.16 
54.06 
51.70 
48.62 
44.31 
54.05 
55.35 
55.84 
55.83 
55.27 
54.02 
52.46 
50.09 
47.62 
53.95 
52.53 
50.35 
48.32 
44.22 

+  53.77 


-1.00 
-0.11 
-0.43 
-0.42 
+  0.12 
-0.29 
-0.25 
+0.05 
+  0.08 
-0.08 
-0.16 
-0.31 
-0.19 
-0.29 
-0.51 
+  0.60 
+  0.14 
-0.14 
-0.14 
+  0.01 
-0.07 
+  0.32 
-0.12 
-0.41 
-0.31 
-0.09 
-0.27 
-0.17 
+  0.03 
-0.20 


R 

-0.43 
+  0.02 
-0.12 
-0.13 
+  0.23 
-0.17 
-0.15 
+  0.16 
+  0.17 
+  0.07 
+  0.02 
+  0.11 
+  0.01 
+  0.06 
-0.21 
+  0.40 
+  0.06 
-0.12 
-0.12 
+  0.05 
0.00 
+  0.33 
-0.02 
-0.27 
-0.15 
+  0.08 
-0.08 
+  0.04 
+  0.25 
-0.18 


G.M.T.        Wt.  Observed  Computed      O— C 


Apr.   26 


Apr.   18 


20 


May      1 


13  29  54 

12 

+  53.80 

+  54.15 

-0.35 

-0.21 

13  41  7 

9 

53.07 

53.42 

-0.35 

-0.15 

13  54  0 

9 

51.88 

51.95 

-0.07 

+  0.13 

14  8  29 

5 

48.96 

49.50 

-0.54 

-0.20 

14  17  32 

9 

+  47.25 

+  47.57 

-0.32 

-0.11 

19  25  45 

5 

+  54.80 

+  55.72 

-0.92 

-0.54 

19  34  29 

4 

54.21 

54.91 

-0.70 

-0.29 

19  43  5 

4 

53.73 

53.80 

-0.07 

+  0.10 

18  22  22 

6 

53.02 

53.76 

-0.74 

-0.61 

18  29  17 

4 

54.64 

54.70 

-0.06 

-0.06 

18  58  9 

3 

56.69 

56.41 

+  0.28 

+  0.16 

19  1  49 

o 

56.56 

56.37 

+  0.19 

+  0.10 

17  29  8 

11 

48.93 

48.65 

+  0.28 

0.00 

17  37  31 

8 

51.00 

51.06 

-0.06 

-0.05 

17  48  34 

9 

52.94 

52.45 

+  0.49 

+  0.25 

17  59  42 

10 

54.58 

54.24 

+  0.34 

+  0.21 

IS  12  53 

12 

56.13 

55.72 

+  0.41 

+  0.35 

18  41  26 

8 

56.13 

56.27 

-0.14 

-0.04 

18  52  1 

8 

55.53 

55.58 

-0.05 

+  0.08 

19  5  20 

9 

53.71 

54.04 

-0.33 

-0.09 

19  18  10 

12 

51.27 

51.86 

-0.59 

-0.31 

19  28  34 

9 

48.85 

49.61 

-0.76 

-0.36 

19  38  57 

9 

46.46 

46.95 

-0.49 

-0.10 

19  50  38 

9 

43.10 

43.50 

-0.40 

+  0.02 

16  38  17 

9 

43.67 

43.57 

+  0.10 

-0.24 

16  51  4 

6 

47.41 

47.30 

+  0.11 

-0.15 

17  3  17 

8 

50.47 

50.24 

+  0.23 

-0.03 

17  15  51 

8 

52.99 

52.46 

+  0.53 

+  0.26 

17  26  25 

8 

+  54.62 

+  54.43 

+  0.19 

+  0.04 
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Date            G.M.T. 

Wt. 

X 

Observed 

X 

Computed 

0-C 

R 

Date 

G.M.T. 

Wt. 

X                       X 

Observed  Computed 

0— C 

R 

1S99                     h        III       3 

May     1     17  36  35 

10 

+  55.79 

+  55.54 

+  0^25 

+  O.V5 

1802 

Aug.  25 

16''52"57' 

9 

-60'.94 

-60.81 

-o'.14 

-o!l4 

17  46  41 

11 

56.30 

56.20 

+  0.10 

+  0.07 

17    4  47 

12 

60.55 

60.54 

-0.01 

-0.10 

17  57  28 

10 

56.66 

56.43 

+0.23 

+  0.26 

17  15  55 

12 

59.42 

59.69 

+  0.27 

+  0.11 

IS    8  33 

9 

56.24 

56.14 

+  0.10 

+0.12 

17  26  39 

10 

58.28 

58.34 

+0.05 

-0.15 

18  19  41 

9 

55.95 

55.32 

+  0.63 

+  0.G7 

.Sept.    9 

14  51    8 

12 

55.38 

55.31 

-0.07 

+0.27 

18  29  57 

10 

53.86 

54.09 

-0.23 

-0.03 

15    0  55 

15 

57.27 

56.86 

-0.41 

-0.09 

18  39  40 

7 

52.49 

52.53 

-0.04 

+  0.16 

15  11  58 

15 

58.54 

58.20 

-0.34 

-0.09 

18  51  32 

9 

49.84 

50.11 

-0.27 

+  0.02 

15  22    6 

16 

58.98 

58.91 

-0.07 

+0.06 

19    3    7 

9 

46.89 

47.22 

-0.33 

+  0.01 

15  31  40 

18 

59.24 

59.16 

-0.08 

-0.01 

19  13  34 

5 

43.96 

44.20 

-0.24 

+  0.10 

15  41  21 

18 

59.05 

58.98 

-0.07 

-0.08 

23     14  58  29 

9 

47.92 

48.13 

-0.21 

-0.48 

15  49  43 

15 

58.51 

58.49 

-0.02 

-0.08 

15  18  13 

7 

51.88 

51.71 

+  0.17 

-0.06 

16    0  49 

15 

57.25 

57.34 

+  0.10 

-0.03 

15  30  27 

11 

53.67 

53.46 

+  0.21 

+  0.03 

16    9    4 

10 

56.11 

56.15 

+  0.04 

-0.12 

15  40  23 

11 

54.58 

54.44 

+  0.14 

+  0.02 

16  19  55 

16 

54.05 

54.13 

+0.08 

-0.09 

15  52    2 

12 

55.41 

55.05 

+  0.36 

+  0.29 

1  ii't.       7 

12  56  42 

12 

54.61 

54.67 

+0.06 

+  0.05 

16    3  52 

9 

54.83 

55.09 

-0.26 

-0.20 

13    542 

6 

54.48 

54.77 

+0.29 

+  0.30 

16  14    7 

9 

54.67 

54.65 

+0.02 

+  0.08 

13  17    0 

9 

54.13 

54.41 

+  0.28 

+  0.23 

16  21  17 

5 

53.84 

54.07 

-0.23 

-0.08 

13  28  31 

12 

53.37 

53.50 

-<-0.13 

0.00 

June  13     14  28    8 

9 

51.54 

51.47 

+  0.07 

+  0.18 

13  39    4 

8 

-52.24 

-52.19 

-0.15 

+0.31 

14  37    9 

i 

50.48 

50.41 

+  0.07 

+  0.21 

r.*-;-; 

14  48    5 

9 

48.45 

48.73 

—  0.28 

—  0.03 

July  21 

18  18  22 

6 

+  50.82 

+48.69 

+  2.13 

+  1.72 

16     13  48  49 

12 

52.14 

52.30 

-0.16 

-0.14 

18  34  50 

6 

54.34 

52.66 

+  1.68 

+  1.38 

14    0  59 

12 

52.09 

51.95 

+  0.14 

+  0.22 

18  58  53 

6 

56.60 

56.48 

+  0.12 

0.00 

14  12  19 

8 

51.04 

51.09 

-0.05 

+  0.07 

19    8  49 

9 

57.09 

57.35 

—  0.26 

—0.20 

14  21  44 

14  33  10 

18     14  24  29 

8 
12 

7 

49.71 
48.04 
47.02 

49.98 
48.20 
47.61 

-0.27 
-0.16 
-0.59 

-0.06 
+  0.09 
-0.26 

19  19  21 
19  28  17 
19  36  47 

9 
9 
9 

57.71 
57.78 
57.26 

57.78 
57.76 
57.44 

—  0.07 
+  0.02 
-0.18 

—  0.02 
+0.07 
+  0.03 

19     13  49    4 
14    1  57 
14  11  17 

8 
8 
5 

50.80 
49.94 
48.17 

51.29 
50.09 
4S.82 

-0.49 
-0.15 
-0.65 

-0.30 
+  0.03 
-0.29 

19  45  51 

19  54  22 

20  5  56 

9 

9 

11 

56.41 
55.64 
53.54 

56.73 
55.75 
53.90 

—0.32 
-0.11 
-0.36 

—  0.03 
+  0.15 
+  0.11 

14  21  58 

6 

+  46.50 

+  46.96 

-0.46 

-0.12 

Aug.  11 

17  13  14 
17  22  53 

9 
9 

59.69 
60.51 

60.25 
60.83 

—  0.56 
-0.32 

—  0.51 
-0.19 

1905 

July  21     19    7  35 
19  16  31 

6 

-53.51 

-53.29 

-0.22 

-0.10 

17  31  58 

5 

60.58 

60.97 

-0.39 

-0.20 

6 

55.83 

55.48 

-0.35 

-0.27 

17 

16  21  23 

9 

58.21 

58.50 

-0.29 

+  0.20 

28     18  12    4 

12 

48.94 

48.49 

-0.45 

-0.18 

16  29  35 

9 

59.49 

59.75 

-0.26 

+  0.18 

18  21  41 

10 

51.92 

51.50 

-0.42 

-0.22 

16  37  52 

9 

60.27 

60.70 

-0.43 

-0.20 

18  30  35 

10 

53.98 

53.96 

-0.02 

+  0.14 

16  44  31 

9 

60.94 

61.24 

-0.30 

-0.18 

18  46    2 

9 

57.67 

57.46 

-0.21 

-0.14 

16  50  54 

9 

61.21 

61.55 

-0.34 

-0.22 

19    8  29 

12 

60.33 

60.66 

+  0.33 

+  0.26 

16  56  59 

9 

61.81 

61.67 

+  0.14 

-0.03 

19  17  20 

11 

61.43 

61.28 

-0.15 

-0.27 

17    6  10 

9 

61.38 

61.52 

-0.14 

+0.09 

19  26  36 

12 

61.17 

61.54 

+0.37 

+  0.17 

17  14  00 

9 

60.90 

61.08 

-0.18 

+0.11 

19  36  55 

9 

61.05 

61.34 

+  0.29 

+  0.06 

17  21    5 

9 

60.27 

60.44 

-0.17 

+0.08 

19  46  50 

9 

60.13 

60.69 

+  0.56 

+  0.28 

17  30    7 

9 

58.96 

59.28 

-0.32 

-0.10 

19  56  35 

9 

59.22 

59.60 

+  0.38 

+  0.04 

17  37  35 

9 

57.06 

58.04 

-0.98 

-0.43 

20    5  32 

7 

57.55 

58.21 

+  0.66 

+0.20 

17  45  23 

7 

56.64 

56.04 

+  0.60 

+0.03 

Aug.    5     18  22    0 

6 

60.01 

60.56 

+  0.55 

+  0.33 

24 

16  14  54 

G 

61.31 

62.27 

-0.96 

-0.48 

18  39  47 

6 

61.72 

61.64 

-0.08 

-0.16 

16  31  58 

6 

61.22 

61.99 

-0.77 

-0.54 

18  49  12 

9 

61.42 

61.61 

+  0.19 

+  0.03 

16  49  24 

6 

59.87 

60.27 

-0.40 

-0.03 

18  55  38 

7 

61.15 

61.35 

+  0.20 

+  0.02 

17    3  59 

8 

57.56 

57.74 

-0.18 

+0.30 

19    4  38 

10 

60.57 

60.66 

+  0.09 

-0.17 

31 

15    3  49 

9 

59  69 

59.40 

+  0.29 

+0.17 

21     16  14  21 

9 

52.83 

52.45 

-0.38 

-0.06 

15  10  54 

9 

60.80 

60.55 

+  0.25 

+  0.16 

16  23    0 

6 

55.26 

54.68 

-0.58 

-0.37 

15  17  24 

9 

61.46 

61.40 

+  0.06 

+  0.01 

16  38    9 

9 

58.36 

57.81 

—0.55 

-0.34 

15  24  10 

9 

62.41 

62.07 

+  0.34 

+0.28 

16  45  27 

6 

69.04 

58.96 

-0.08 

+  0.02 

15  30    9 

9 

62.38 

62.48 

-0.10 

-0.06 

16  57  32 

9 

60.52 

60.33 

-0.19 

-0.12 

15  36    1 

9 

62.79 

62.72 

+0.07 

-0.08 

17    7  19 

9 

61.13 

60.94 

-O.IS 

-0.17 

15  42  29 

10 

62.94 

62.79 

+  0.15 

-0.12 

17  15  13 

5 

61.49 

61.12 

-0.37 

-0.30 

15  49    7 

8 

62.65 

62.65 

0.00 

-0.16 

25     16    7  29 

9 

55.89 

55.83 

-0.06 

+0.20 

15  55  33 

9 

62.32 

62.32 

0.00 

-0.20 

16  IS  10 

12 

57.61 

57.84 

+  0.23 

+  0.47 

16    1  43 

8 

61.60 

61.81 

-0.21 

+0.03 

16  29  44 

12 

59.21 

59.44 

+  0.23 

+  0.37 

16    7  52 

9 

61.09 

61.12 

-0.03 

+0.18 

16  41    6 

9 

-60.20 

-60.42 

+  0.22 

+  0.26 

16  15    2 

9 

+59.80 

+  60.10 

-0.30 

+  0.04 
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z 

X 

z 

r 

Date 

G.M.T. 

Wt. 

Observed 

Computci 

0-C 

li 

Dale 

G.M.T. 

Wt. 

Observet 

Computed  0— C 

JJ 

11103 

Aug.  31 

h   in  s 

16  19  19 

5 

+  59*04 

+  59.38 

-0*34 

+  0.03 

lUOO 

Sept.  22 

13''59"20' 

11 

+  61*49 

+  61.89 

-0.40 

-0*28 

Sept.  1 

15  19  22 

10 

62.31 

62.16 

+  0.15 

+  0.15 

28 

14  14  0 

11 

51.97 

52.07 

-0.10 

+  0.22 

15  31  26 

9 

62.75 

62.65 

+  0.10 

4-0.14 

14  24  50 

8 

+  48.41 

+  48.47 

-0.06 

+  0.21 

15  41  22 

9 

62.70 

62.82 

-0.12 

-0.01 

Oct. 

13 

17  29  18 

10 

-59.84 

-60.19 

+  0.35 

+0.22 

15  53  19 

9 

62.46 

62.40 

+  0.06 

+  0.24 

17  36  50 

9 

60.19 

60.59 

+  0.40 

+  0.30 

15  55  28 

6 

61.83 

62.25 

-0.42 

-0.22 

17  48  14 

11 

-60.40 

-60.68 

+  0.28 

+  0.10 

21 

13  27  51 

9 

62.34 

62.03 

+  0.31 

-o.;;s 

20 

12  0  9 

9 

+  52.90 

+  53.62 

-0.72 

-0.34 

13  34  26 

9 

62.86 

62.50 

+  0.36 

+  0.20 

12  5  39 

5 

51.72 

52.28 

-0.56 

-0.23 

13  43  25 

10 

63.27 

62.80 

+  0.47 

+  0.35 

26 

12  11  21 

6 

38.77 

39.39 

-0.62 

-0.31 

13  51  16 

9 

62.74 

62.74 

0.00 

-0.06 

12  15  51 

5 

+  37.01 

+  37.64 

-0.63 

-0.30 

13  58  51 

9 

62.55 

62.41 

+  0.14 

+  0.10 

16  8  58 

9 

-57.47 

-57.31 

-0.16 

-0.15 

i^4  7  21 

8 

61.75 

61.71 

+  0.04 

0.00 

16  15  5 

8 

57.52 

57.92 

+  0.40 

4  0.23 

14  14  26 

8 

61.03 

60.86 

+  0.17 

-0.10 

16  20  53 

9 

58.30 

58.35 

+  0.05 

-0.03 

14  23  45 

12 

59.33 

59.38 

-0.05 

+  0.08 

16  28  28 

9 

58.37 

58.68 

+  0.31 

+  0.18 

oo 

13  32  16 

11 

62.95 

62.59 

+  0.36 

+  0.20 

16  38  24 

9 

58.34 

58.73 

+  0.39 

+  0.19 

13  44  55 

12 

+  62.55 

+  62.70 

-0.15 

-0.12 

16  50  4 

9 

-57.72 

—  58.35 

+  0.63 

+  0.36 

Inspection  of  the  residuals  0— C  displays  the  fact  that 
the  satellite  is  aliead  of  its  ephemeris,  as  0  — C  is  positive 
before  and  negative  after  eastern  elongations,  the  signs 
being  reversed  on  the  west.  Prof.  Barnard  noted  the 
same  fact  in  comparing  computed  times  of  elongation  based 
on  his  observations  for  the  year  1902,  with  the  times  given 
in  the  Conn,  des  Temps,  which  are  based  on  the  periodic 
time  derived  by  Dr.  Cohn. 

The  large  residuals  at  the  beginning  and  end  of  an  eve- 
ning's observation  extending  through  an  elongation,  such 
as  1898  March  6,  are  easily  understood  upon  consideration 
of  the  conditions  of  observation.  These  measures  are 
made  when  the  satellite  is  near  the  planet,  and  suffer  some- 
what from  the  luminosity  of  Jupiter,  even  though  dulled 
by  the  smoked  mica  used ;  moreover,  the  satellite  is  mov- 
ing rapidly  across  the  line  of  vision,  so  that  the  time-factor 
enters  very  heavily  here.  But  when  the  satellite  is  at 
elongation,  moving  tangent  to  the  line  of  sight,  it  appears 
to  stand  almost  perfectly  still  for  some  minutes,  so  that  the 
time-factor  may  be  quite  erroneous  here  and  escape  notice. 
Manifestly  then,  the  discrepancy  between  observation  and 
calculation  at  elongation  is  more  independent  of  observer's 
errors  than  other  measures,  and  depends  more  strongly 
upon  errors  in  the  time-elements  chosen,  and  upon  the  dis- 
regard of  the  ellipticity  of  the  orbit.  The  latter  consider- 
ation is  of  greatest  importance  when  either  axis  of  the 
ellipse  is  coincident  with  the  .r-axis,  that  is,  perpendicttlar 
t  •  the  line  of  sight. 

Equations  of  Condition.  Upon  the  residuals  0  — C  are 
to  depend  differential  corrections  to  the  elements  derived 
by  Dr.  Cohx,  as  well  as  a  value  of  the  eccentricity  and  the 
motion  of  the  line  of  apsides  caused  by  the  oblateness  of 
Jupiier. 

Let  e  denote  the  eccentricity,  and  P  the  longitude  of 


d-e  =  a  cos  (v  —  L)  dt\  +  x  ■ 


perijove,  referred  to  the  same  origin  as  v  and  L,  and  if  we 
place 

h  =  e  sin  P 

k  =  e  cos  P 

then  will  the  differential  equation  for  x  become 

d  (a) 

—  a  ^  cos  (v  —  L)  cos  V  +  cos  L  ^  h 
+  ajcos  (v—L)  sinw  +  sinij  k 

Introducing  the  variation  of  P  by  placing  P  =  P^+dP, 
the  equation  becomes 

dx  =  a  cos  (i>  —  L)  dv.  +  x  — -^ 
°  (a) 

—  a\cos(v  —  L)cos(v  —  dP)  +  cos  (Z  —  dP)  <  h 
+  aScos(y-i)  sm{v  —  dP)  +  &m{L-dP)\  k 

For  brevity's  sake  the  coefiBcient  of  dv^  may  be  called  /, 


that  of 


d{a) 


is  h,  that  of  h  is  c,  and  the  coefficient  of  k  is 


(«) 
denoted  by  d. 

The  equation  of  condition  now  reads 

dx  =  I  dt-   +h  '-4-r+'^^+  dk 
(«) 

To  formulate  these  equations  for  the  normal  places 
Dr.  Cohn's  value  for  dP  =  911°.7  yearly  was  used,  though 
from  Prof.  Barnard's  results  it  seemed  that  two  appli- 
cations of  the  differential  method  might  be  necessary  to 
obtain  a  satisfactory  correction.  The  equations  of  con- 
dition for  each  year  were  used  for  a  set  of  normal  equa- 
tions, the  results  of  1898  and  1899,  giving  suggestions  for 
the  work  of  1902  and  1903,  as  they  pointed  out  the 
direction  of  needed  changes.  The  number  of  settings  in- 
cluded in  each  normal  place  was  the  basis  of  weighting 
used. 
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Normal  Eq-uations  and  their  Solution.  As  a  Schuster- 
calculating  machine  and  a  Burroughs'  Arithmometer  were 
available  in  the  solution  of  these  equations  very  little  use 
was  made  of  logarithmic  tables,  and  the  results,  as  well  as 
the  coefficients,  are  given  in  natural  numbers.  The  com- 
bining of  the  35  equations  of  1898  by  the  method  of  least- 
squares  gives  the  follovring  set  of  normal  equations: 

+  6870.69  4^  -  5213.92  rf<;„-  3852.18  A 

W  +  2329.82 /c  =    -16.5655 


-5213.92 


3852.18 


+ 19842.65  (Zc 


7646.85/4 
1382.88  k 


329.82 


-h  7646.85rfy(,  +5979.12  A 
+  1475.06  A: 

+  1382.88(Zc„+1475.U6/i 
+  4256.44/; 


=    +24.6948 


=    +   8.8510 


=    -   3.147 


The    solution    of   these  equations   for   the   epoch  1898 
March  30.0  G.M.T.  gives 

dv^  =  +0°.075    ±0='.032 
d{a)  =  -0".194    ±0".045 
e  =    0.00401    ±0.00153 
P„  =  -56° 44'  ±9°  24' 

the  latter  two  being  derived  from 


h  =  -0.00.335   ±0.00112 
k  =  +0.00220    ±0.00104 


+  10709.81^^-   2690.98  (/y„ 


(«) 


2690.98 


+   1865.71 


+   7598.21 


normal 

-10.2654 
+  75.0579 
+  11.2679 
-   5.0136 


The  55  equations  of  1899  give  the  followin 
equations 

+ 1865.71 /i 

"  +7598.21  A 

-31629.01  rfy„  +5801.22  A 

-1337.92  A; 

-  5S01.22rfc,  +7879.77  A 
+  4098.72  fc 

-  1337.92  ./(•;,  +  4098.72 /i 

+  8220.34/; 
The  solution  gives 

h  =  -0.000663 
k  =  +0.000956 
dv^  =  +0°.641 
d{a)  =  -0".043 

whence  for  the  epoch  1899  May  19''.8, 

e  =  0.00116      ±0.00148 
P„  =  -34°  45'  ±0°56' 

This  very  small  value  of  e  is  unsatisfactory  when  viewed 
alone,  but  the  observations  of  1899  extend  over  two  mouths 
only,  including  but  three  elongations  : 

April  25,  May  1,  and  May  23 
Combining  the  solutions  of  1898  and  1899  we  obtain 

,.  =  0.00226         ±0.0015 

dP  =  2°.451  daily  ±0°.027 

d{a)  =  -0".102             ±0".038 

dv^  =  +0°.615            ±0°.026 

(a)  =  47".963 


±0.000082 
±0.000123 
±0°.023 
±0".033 


The  corrected  elements  were  used  in  the  ephemeris  for 
1902  and  1903. 

(a)  =    47".963 

v^  =  227°.02 
dP  =      2°.451 

With  these  values  the  48  equations  of  condition  of  1902 
result  in  the  following  normal  equations  for  Aug.  29.7  : 

+  16241.93^^  +  5458.07<f(.'„- 10289.69 /i 

v')  +  3090.42/;   =    -   8.1592 

+   5458.07  +29677.70(f(.-„-   2901.64  A 

+   9661.14/;   =    +56.7969 
-10289.69  -   2901.64(/y„+ 10494.08 /i 

500  50  h   ^    4  7957 

+  3090.42  +  9661.14e/i-„-     599.50  A 

+  10768.02/;  =    +   7.1240 
The  solution  of  these  is 

A  =  -0.001006  ±0.000503 

k  =  -0.002079  ±0.000983 

dv^  =  +0°.155  ±0°.062 

d{a)  =  -0".058  ±0".006 

From  A  and  /;  are  obtained 

P„  =  205°49'     ±2°  8' 
e  =  0.002310   ±0.00121 

The  normal  equations  similarlj'  formed  of  the  73  equa- 
tions of  1903  are: 


+  24585.08 


d{a) 


(a) 


-417 


-  417.79 
+  6411.19 
-14440.62 


±  0".009 

±0°.038 

±0.000263 

±0.004082 

±4°  18' 

±0.00126 


"9(/c„  +   641 1.19  A 

-14440.62  A-  =  -41.0200 
+434.32  rfcj,  -     514.46  A 

—  710.50/;  =  +   9.8335 
-514.46  (Zc„ +13237.12  A 

-  841.36  A-  =  -  3.0407 
-7]0.50rfi-„-     841.36  A 

+  17515.13  A-  =  +30.1586 
The   solution  of   these  equations   give.s   for  tlie  epoch 
Sept.  8''.25, 

d(a)  =  +0".035 
dv^  =  +0°.046 
A  =  +0.000810 
k  =  +0.003608 
P„  =  +12°  39' 
e  =       0.00370 

Combining  the  results  of  1902  and  1903  we  obtain 

d(a)  =  -0".002  ±0".014 

rfc„  =  +0°.089  ±0°.028 

(•  =        0.00315         ±0.00144 
dP  =  2°.366  daily  or  864M82  yearly 

Conclusion. 
Bringing  together  the  solutions  for  the  four  years  to  the 
epoch  1903  Sept.  S.25,  we  have  the  following  set  of  ele- 
ments : 

(«)  =    47".961 

e  =        0.00308 
dP  =      2°.429  daily  or  SS7°.20  vearly 
r  =  227°.10     ,     K-L  =  ]93°.80 
M  =  722°.6316  daily 
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The  most  noticeable  feature  of  these  results  is  the  small- 
ness  of  the  eccentricity,  as  compared  with  that  obtained 
by  Dr.  Cohx  and  M.  Tis.sekand.  Whether  the  change  is 
real,  and  denotes  a  progressive  perturbation  which  will 
end  in  reducing  the  ellipse  to  a  perfect  circle,  or  is  an 
accidental  one,  can  only  be  decided  after  another  decade 
or  more.  Might  it  not  be  that  the  epochs  accidently  fall 
at  times  when  the  eccentricity  is  at  low  ebb  ?  Dr.  Moul- 
ton'"  has  shown  that  the  oblateness  of  a  central  bodj-  will 
change  both  the  eccentricity  and  major  axis  equally  and 
in  opposite  directions  during  a  complete  revolution.  As 
though  to  Verify  this  plausible  explanation  we  have  a  very 
constant  value  for  (a)  at  the  epochs  chosen,  and  one  which 
differs  considerably  from  both  the  semi-axes  of  the  ellipse  — 
which  Prof.  Barnard  gives  as  47".G06  and  48".21o. 

The  method  of  using  the  differential  corrections  derived 
from  1898  and  1899  in  the  equations  of  the  later  years 
was  a  fortuitous  means  of  actually  obtaining  a  second  set 
from  a  preliminary  work  without  repetition.  The  out- 
come with  respect  to  the  motion  of  perijove  is  peculiarly  a 
verification  of  M.  Tisserand's  and  Prof.  Barnard's  value. 

OMoulton's  Celestial  Mechanics,  p.  233. 
Yerkes  Observatory,  Williams  Bay,  Wisconsin. 


This  motion  when  substituted  in  the  Kepler  equation  for 
the  semi-major  axis  as  used  by  Dr.  Cohn,  gives  a  value  of 
48".00(;.  Concerning  this  element  obtained  theoretically,  I 
think  the  last  word  has  been  said  by  Dr.  Coiin  and  Prof. 
Barnard,  and  have  nothing  to  ad<l  until  some  new  deter- 
mination of  the  mass  of  Jupiter  and  of  his  satellites  is 
made. 

Evidently  the  lag  in  the  ephemeris  of  the  Fifth  Satel- 
lite noted  early  in  the  present  work  is  caused  by  the  initial 
value  of  the  longitude  of  node,  which  is  too  small  by  ()°.70. 
At  the  daily  rate,  n  =  722°.631G,  this  would  correspond 
to  a  lag  of  1"'.4,  an  amount  extraordinarily  near  the  error 
in  1902.  It  would  seem  that  the  orbit  should  be  moved 
forward  0°.70,  or  1"'.4. 

It  is  my  pleasure  to  express  my  indebtedness  to  my  in- 
structors for  their  assistance  and  guidance  in  this  work  : 
To  Prof.  F.  R.  Moulton  for  the  general  plan  of  attack 
suggested  early  in  the  effort,  and  to  Prof.  Kurt  Laves 
for  specific  directions  concerning  weighting,  reductions, 
etc.  Besides  these,  I  am  particularly  indebted  to  Prof. 
Barnard  for  repeated  kindnesses  and  encouragement  all 
along  the  line.  All  responsibility  for  the  numerical  work 
belongs  alone  to  me. 


OBSERVATIONS  OF  MINOR  PLANETS, 

MADE    WITH   THE   2(3-INCH   EQUATORIAL   AT   THE    U.S.  NAVAL    OBSEBVATORT, 

By  W.  WALTER  DINWIDDIE. 
[Communicated  by  Rear-.\dmiral  C.  M.  Chester,  U.S.X..  Superintendent.] 


1903  Wash.  M.T. 

* 

Comp. 

Ja 

j8 

App.  a 

App.  6 

logpA          1  Red.  to 

4pp.  PI. 

(271)  Penthesilia. 

Nov.  15  10"57'"46' 

1 

tm  ,1 

+  5™  8.46 

-o'  19^2 

4  10  54.27 

+  26°  40'  57^2 

n9.322 

0.323 

+  4.82 

+   3^6 

26  12  35     0 

2 

10,10 

+     21.89 

+       6.7 

4     0  34.61 

+  26  17  27.9 

9.078 

0.296 

+  4.94 

+   4.9 

26  13  14  38 

3 

«30,6 

-4  27.07 

+  3  40.0 

4     0  33.24 

+  26  17  26.0 

9.308 

0.332 

+  4.94 

+   4.2 

26  13  58  49 

4    !;30,6 

+  2  23.79 

+  3  16.7 

4     0  31.55 

+  26  17  20.3 

9.462 

0.386 

+  4.94 

+   5.1 

(417)   Suevia. 

Nov.  19  10  12  59 

5 

;'29 ,  6 

+  1     8.67 

+  0  56.1 

3  56     3.02 

+  14     2  54.6 

n9.342     0.587     +4.42 

+   5.4 

20  12  42  53 

6 

?30,6 

+  2  12.58 

+  3  29.2 

3  55     4.24 

+  13  58     3.4 

8.954     0.570     +4.43 

+   5.6  1 

22  11     7     1 

7 

«28  , 6 

-     37.91 

+  7  34.0 

3  53  20.87 

+  13  49  40.1 

M8.938     0.572  j  +4.44 

+  5.4 

(225)  Henrietta. 

Nov.  19  11  19  30 

8 

10,10 

+       5.44 

+  1  54.9 

3  51  43.19 

+   2  48  33.7 

n8.902 

0.713 

+  4.11 

+  5.8 

20  10  52  33 

9 

!;35 ,  7 

-1     0.07 

+  1  22.5 

3  50  59.96 

+   2  43  24.8 

n9.091 

0.714 

+  4.12 

+   5.7 

22  12  11  53 

10 

f29,6 

+  2  42.50 

+  4  14.0 

3  49  28.64 

+   2  32  53.1 

8.721 

0.715 

+  4.13 

+  6.0  1 

(339)  Dorothea. 

Nov.  20  11  49  39 

11 

!t30,6 

+  1     6.84 

+  2  19.5 

4  12     1.48 

+   7  21  32.2 

n8.722 

0.661     +4.24 

+  3.8 

22  13     2  18 

12 

A33 ,  7 

+     25.12 

+  3  46.2 

4  10  19.80 

+   7  14     3.9 

9.048 

0.664     +4.26 

+   3.8 

25  11  21  25 

13 

iSO.e 

+  1     3.72 

+     25.0 

4     7  53.58 

+  7     4     9.5 

M8.790 

0.665     +4.29 

+  4.0 

25  11  40  42 

14 

!'2S.6 

+  1  56.76 

+  1  52.6 

4     7  52.96 

+   7     4     6.3 

W8.360 

0.664  1  +4.29 

+   4.1 

(161)  Athor. 

Nov.  20  13  34  22 

15 

10,10 

-       5.70 

-2  34.3 

4  14     0.96 

+31  59  57.9 

9.248 

0.091 

+  5.14 

+  2.4 

22  14  55  24 

16 

!;30,6 

-     41.45 

-8  43.0 

4  11  26.84 

+  32     0  34.3 

9.558 

0.294 

+  5.17 

+   2.8 

25  13  52  56 

17 

<30,6 

+  1  35.20 

+  3  52.6 

4     7  43.81 

+32     0     6.2 

9.435 

0.184 

+  5.20 

+   4.0 

(382)  Dodona. 

Nov.  25  15  25     5 

18 

<30,6 

-1  23.16 

-5  10.8 

3  56  11.66 

+  30  21  38.7 

9.644 

0.450  ]  +5.12 

+   5.2 

Dec.    7     8  12  58 

19 

<30,6 

+  1  59.01 

-6  12.2 

3  46     0.36 

+  29  42  35.2 

«9.507 

0.319     +5.16 

+   7.7 

13  10     2  40 

20 

«29,6 

+0  43.63 

-2  54.1 

3  41  15.85 

+  29  19  25.1 

n8.443 

0.159  1  +5.14 

+  8.5 
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1903-4  Wash.  M.T. 


Comp. 


Ja 


Nov. 


Dec. 


7 

9  37  28 

21 

10 

10 

7 

10     1     8 

22 

(30 

6 

G 

10  36  55 

23 

<30 

6 

6 

10  59  43 

24 

toO 

6 

Nov.  30  11  40     4     25    <30  ,  6 
Dec.     7  11     9  48     26   .  10 ,  10 
14     9  43  26     27   ;i!33 ,  7 


Nov.  30  13  17  58 
Dec.    3  12  IS  33 


28  !;40,8 

29  \t30,6 


Dec.  15  11  27  41  1  30 

15  11  57  25  31 

17  12  41  17  :  32 

IS  13  42     8  33 

IS  14     6  10  34 


10.10 
10,10 
10,10 
!!33,7 
^20,4 


Dec.  16  11  30  29  I  35   I  10,10 
Jan.     5  10  39  54  |  36    !!30  ,  6 


Dec 

17 

10     3     8 

37 

l~ 

10  20  52 

38 

Jan 

5 

12  10  30 

39 

Dec 

17 

11  21  27 

40 

18 

14  53     3 

40 

Dec. 

18 

9  18     4 

41 

18 

9  35  13 

42 

-  17.67 

-  48.49 
+  1  6.34 
-1  2.40 

-1  4.13 

-  9.23 
+  3  10.04 

+  1  31.04 

+  4  15.41 

+  9.94 

+  23.54 

-  18.93 
+  2  45.45 
+  3  23.87 

+  5.60 

-  2  9.22 


i;30,6  I  +1  2.60 

<29,6  -  37.34 

^29, 6  I  +  18.74 

1^38,  S  I  -  21.73 

\t30,6  I  -1  19.19 

li!30,6  I  +  53.88 

1S30.6  +1  1-44 


jB 


App.  a 


App. 


log;,A 


I  Red.  to  App.  PI. 


(374)  BuT'jundia. 


+  5  49.7 

+  2  26.9 

-f  39.2 

+  2  40.7 


4  24  23.27 

4  24  22.58 

4  16  16.90 

4  16  15.98 


-9  0.0 
-2  50.6 
-4  35.1 


(350)   Ornavienta. 

4  56  43.73 

4  49  28.58 

4  42  17.59 

(426)  [1897  Z>//]. 

+  4     4.8    I  4     3  14.33 

+  1  10.9    I  3  59  42.26 

[1903  NF'l. 
-9  18.1  5  42  1.99 
-8  40.3  5  42  0.78 
-3  38.5  5  39  59.14 
.  +  22.1  5  38  57.05 
-3  44.6      5  38  56.19 

(65)   Ci/bele. 
-2  29.2    I  6  22  36.35 
+  2  48.3    I  6     7     4.49 

(42)   his. 
-0  41.3      7     1   15.81 
+  2  15.5      7     1   15.12 
+  0  12.9      6  40     S.38 

(490)  [1902  J.P.]. 
+  2     2.9    I  5  52  27.69 
+  1  39.9    I  5  51  30.24 

(492)  [1902  J.J?.]. 
+       9.4    I  6  22     1.15 
-1     5.0    I  6  22     0.35 


+  15  31  27.1|n9.444 

+  15  31  22.3ln9.375 

+  14  52  29.2ln8.919 

+  14  52  25.9  1718.558 

+  95  35.2  7J8.918 

+  9  56  59.2  n8.869 

+  10  53  19.9  ?i9.244 


0.581     +4.56  +   2.0 

0.569  !  +4.56  +   1.9 

0.554  '  +4.62  +   2.7 

0.551  I  +4.62  +  2.4 


0.640 
0.628 
0.623 


+  47 
+  47 


31  23.7  I 
15  19.6 


9.497  i»9.885 
9.283  n0.039 


+  9  20  30.4 

+  9  20  26.0 

+  9  12  50.4 

+  9  9  9.0 

+  9  9  6.4 


w8.903 

0.636 

«8.303 

0.635 

8.946 

0.638 

9.330     0.650  1 

9.409 

0.655  1 

+4.40  -  1.6 

+4.50  -  1.3 

+4.58  -  0.6 

+6.28  +  5.1 

+  6.28  +  6.5 

+4.57  -  7.4 

+4.57  -  7.4 

+4.58  -  7.6 

+4.60  -  7.2 

+  4.60  -  7.1 


+  19  2  43.4  n9.1S4  1  0.488  |  +4.81 
+  19  14     5.9|n8.799  |  0.448  |  +1.56 

+  25  38  1.9  |«9.583  I  0.479  I  +4.93 
+  25  38  5.3  H9.551  0.454  +4.92 
+  26  53  25.4    8.794     0.262  |  +1.60 


+  9  57  50.1  In8.989 
+   9  57  27.0  I  9.493 


0.629  I  +4.60 
0.657     +4.61 


+  2c 


0  16.9in9.584 
0  20.4  n9.554 


0.491 
0.46S 


+  5.06 
+  5.06 


-12.2 
-10.4 

■16.9 
■17.1 
■11.0 

-  8.8 
8.9 

-12.5 
-12.5 


Mean  Places 

of  Comparison- Stars  for  the  beginning  of  the 

year. 

1  * 

a 

8                                 Authority 

* 

a 

S 

Authority 

1  1 

4     5 

40.99 

+  26°  41  12!s  1  Camb.  (Eng.)  A.G.2011 

22 

h        m       8 

4  25     6.51 

+  15  28  53.5 

Berlin  A,  A.G.  1202 

2 

4     0 

7.78 

+  26  17  16.3    Camb.(Eug.).\.G.19S7 

23 

4  15     5.94 

+  14  51  47.3 

Leipzig  I,  A.G.  1266 

3 

4     4 

55.37 

+  26  13  41.S  :  Camb.  (Eng.)  A.G.2008 

24 

4  17  13.76 

+  14  49  42.8 

Leipzig  I.  A.G.  1278 

4 

3  58 

2.82 

+  26  13  58.5  1  Camb.  (Eng.)  A.G.1972 

25 

4  57  43.46 

+   9  14  36.8 

Leipzig  II,  A.G.  1949 

5 

3  54 

49.93 

+  14     1  53.1 

Leipzig!,  A.G.  1168 

26 

4  49  33.31 

+  9  59  51.1 

Leipzig  11,  A.G.  1866 

1     6 

3  52 

47.23 

+  13  54  28.6 

Leipzig  I,  A.G.  1152 

27 

4  39     2.97 

+  10  57  55.6 

Leipzig  I,  A.G.  1367 

!     7 

3  53 

54.34 

+  13  42     0.7 

Leipzig  I,  A.G.  1159 

28 

4     1  37.01 

+  47  27  13.8 

Fund.  Catal.  260 

8 

3  51 

33.64 

+  2  46  33.0 

Albany.  A.G.  1151 

29 

3  55  20.57 

+  47  14     2.2 

Bonn  A.G.  3322 

9 

3  51 

55.91 

+  2  41  56.6 

Albany.  A.G.  1152 

30 

5  41  47.48 

+   9  29  55.9 

Leipzig  II.  A.G.  2399 

10 

3  46 

42.01 

+  2  28  33.1 

Albany,  A.G.  1127 

31 

5  42     0.78 

+  9  20  26.0 

Leipzig  II,  A.G.  2.596 

11 

4  10 

50.40 

+   7  19     8.9 

Leipzig  II,  A.G.  1568 

32 

5  40  13.49 

+  9  16  36.5 

Leipzig  II.  A.G.  2382 

12 

4     9 

50.42 

+   7   10  13.9 

Leipzig  II,  A.G.  1558 

33 

5  36     7.00 

+  98  54.1 

Leipzig  II,  A.G.  2337 

13 

4     6 

45.57 

+   73  40.5 

Leipzig  II,  A.G.  1539 

34 

5  35  27.72 

+   9  12  58.1 

Leipzig  II,  A.G.  2,333 

14 

4     5 

51.91 

+   7     2     9.6    Leipzig  IT,  A.G.  1533 

35 

6  22  25.94 

+  19     5  24.8 

Berlin  A,  A.G.  2162        ! 

15 

4  14 

1.52 

+  32     2  29.8 

Leiden,  A.G.  1648 

36 

6     9  12.15 

+  19  11  28.0 

Berlin  A,  A.G.  2014       | 

16 

4  12 

3.12 

+  32     9  14.5 

Leiden,  A.G.  1632 

37 

7     0     8.28 

+  25  39     0.1 

Camb.  (Eng.)  A.G.3736 
Camb.  (,Eng.)  A.G.3749 
Camb.  (Eng.)  A.G.3478 
Leipzig  11,  A.G.  2526 

U  BtTlln  n.  .K.O.  SSSS 

1  \  CanibrkUc  lEnc-i.  A.C.  SSI 

Camb.  (Eng.VA.G.3229 

17 

4     6 

3.41 

+31  56     9.6 

Leiden,  A.G.  1588 

38 

7     1  47.54 

+  25  36     6.9 

18 

3  57 

29.70 

+  30  26  44.3    Leiden,  A.G.  1524 

39 

6  39  48.04 

+  26  53  23.5 

19 

3  43 

56.19 

+  29  48  39.7  I  Camb.  (Eng.)  A.G.1862 

40 

5  52  44.82 

+   9  55  56.0 

20 

3  40 

27.08 

+  29  22  10.7    Camb.  (Eng.)  A.G.1840 

41   1 

6  21     2.21 

+  25     0  20.0 

21 

4  24 

36.38 

+  15  25  35.4    Berlin  A,  A.G.  1199          42  | 

6  20  53.85 

+  25     1  37.9 

Planets  271,  339,  161,  382,  374,  350,  42G,  [1903  .VF],  480,  ami  492  were  found  photogr.iphic.ilIv  by  Mr.  G.  II   Peters  417  and  ""S  l.v 
myself.  '  "     ■  •      •      -  .         .        —      y 

Magnitude  of  (382)  Dadona  was  estimated  at  13..'),  and  (.".50)  Ornamenla  11..')  on  I>eo.  7. 

Observations  published  in  A.J.  5.'J6  under  the  head  of  [1003  Sept.  28]  are  observations  of  (163)  Eriijoiv.      Attention  was  Mlleii  10  thi« 
fact  by  Dr.  W.  Luther  of  DUsseldorf.  "  '    '  ' 
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OBSERVATIONS  OF  COMET  a,  1904  {hkooks), 

MADE    WITH    THE    I2-Wtll    EyUATOItlAI.    AT  THE    l".  S.    NAVAL   OIlSEltVATOKY, 

By  J.  C.  HAMMOND. 
[Communicated  by  Rear-Admiral  C.  M.  Chester,  U.S.N.,  Superintendent.] 


1904  Washington  M.T. 

* 

Comp. 

Ja 

z/S 

Api 

.a 

App.  8 

logjjA 

Red.  to  A  pp.  PL 

Apr.  30  11  41 

[1        8 

20 

1 

30,5 

+o' 

11.27 

_ 

2  43.7 

ii      1 
16  11 

"59.28 

+  52'    9 

38.3 

7(9.557 

«0.134 

+  2.07 

-3.4 

May    19     4 

33 

2 

30  ,  6 

+  2 

51.65 

_ 

0  29.8 

16     8 

25.79 

+  52  34 

24.0 

«9.838 

0.065 

+  2.09 

-3.0 

2  10     4 

7 

3 

10  ,  2 

+  2 

2.06 

+ 

3     8.6 

16     4 

10.77 

+  53     2 

20.9 

n9.761 

n9.409 

+  2.11 

-2.6 

3  11  13 

21 

4 

30  ,  6 

+  2 

36.66 

+ 

4     4.9 

15  59 

49.42 

+  53  29 

23.9 

«9.584 

«0.176 

+  2.14 

-2.2 

4     8  57 

52 

5 

20  ,4 

-4 

55.25 

+ 

9  51.4 

15  55 

59.23 

+  53  51 

47.8 

w9.835 

9.808 

+  2.16 

-2.0 

5  10  18 
7     8  32 

12 

6 

30,6 

-1 

35.51 

_ 

1  47.8 

15  51 

26.55 

+  54  16 

42.0 

H9.700 

mO.029 

+  2.18 

-1.5 

10 

7 

30,6 

+  2 

42.89 

+ 

8  46.6 

15  42 

58.34 

+  54  59 

7.4 

«9.848 

9.732 

+  2.21 

-0.6 

8     8  35 

58 

8 

35  ,  7 

+  0 

28.89 

+ 

3  28.9 

15  38 

28.44 

+  55  19 

32.5 

H9.839 

9.379 

+  2.23 

-0.2 

9  10  40 

16 

9 

9,2 

+2 

33.52 

+ 

3     4.9 

15  33 

32.86 

+  55  40 

21.5 

W9.548 

7i0.300 

+  2.24 

+  0.3 

10     8  42 

2] 

10 

30,6 

-0 

45.69 

+ 

2  29.0 

15  29 

21.04 

+  55  oQ 

49.6 

7i9.816 

n9.499 

+  2.25 

+  0.7 

11  10  13 

57 

11 

30,6 

+  0 

37.20 

+  11  30.3 

15  24 

26.81 

+  o(S  14 

40.4 

M9.589 

nO.294 

+  2.25 

+  1.2 

12  10  32 

1 

12 

15  ,  3 

+  6 

15.73 

+ 

8  36.1 

15  19 

44.49 

+  56  30 

28.7 

n9.481 

«0.360 

+  2.24 

+  1.8 

13  10  42 

46 

13 

30  ,  5 

-4 

47.32 



6  17.8 

15  15 

2.73 

+  56  44 

58.5 

«9.377 

710.394 

+  2.27 

+2.1 

15     9  42 

59 

14 

30  ,  6 

+  0 

40.01 

+ 

5  29.3 

15     5 

52.44 

+  57     9 

46.8 

»9.58S 

n0.330 

+  2.23 

+  3.1 

16  11  46 

42 

15 

29,6 

_2 

12.95 

- 

7  26.0 

15     0 

47.00 

+  57  21 

38.9 

8.943 

71O.444 

+  2.23 

+  3.5 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

8                                 Autliority 

* 

a 

8 

Authority 

1 

le"  ll'"45!94 

+  52  12  25.4 

Camb.,  U.S.,  A.G.  4947 

9 

15  30  57.10 

+  55  37  16.3 

Hels.-Gotha  A.G.  8408 

2 

16     5  32.05 

+  52  34  56.8 

"       "     4926 

10 

15  30     4.48 

+  55  54  19.9 

"    8402 

3 

16     2     6.60 

+52  59  14.9 

"          "        "     4911 

11 

15  23  47.36 

+  56     3     8.9 

"    8373 

4 

15  57  10.62 

+  53  25  21.2 

"     4884 

12 

15  13  26.52 

+  56  21  50.8 

«    8291 

5 

16     0  52.32 

+  53  41  58.4 

"          "        "     4904 

13 

15  19  47.78 

+  56  51  14.2 

"    8338 

6 

15  52  59.88 

+  54  IS  31.3 

«        "     4869 

14 

15     5  10.20 

+  57     4  14.4 

u     8240 

7 

15  40  13.24 

+  54  50  21.4 

«  Camb.  U.S.,  A.G.  4822. in<U 

15 

15     2  57.72 

+  57  29     1.4 

"         "         "     8227 

8 

15  37  57.32 

+  55  16     3.8 

Hels.-Gotha  A.G.  8455 

ELEMENTS  AND  EPHEMERIS 

By  EVERETT 
[Communicated  by  Rear-Admiral  C.  M. 
The  following  parabolic   elements  were  obtained  from 
normal  places,  formed  by  combining  observations  made  at 
the  U.S.  Naval  Observatory  on  April  17  and  IS,  22  and  23, 
30  and  May  1. 

T  =   1904  March  5.76884  G.M.T. 


1904.0 


Heliocentkic  Coordinates. 

X  =  r[9.764001]  sin  (223° I2' 40.0  + »•) 
y  =  r  [9.994756]  sin  (300  33  10.4+;') 
s   =  r[9.91S342]  sin  (  24  29  22.0  +  r) 

The  brightness  at  the  date  of  discovery  is  adopted  as  the 
unit  in   the  following   ephemeris.      Comparison  with  an 


OF  COMET  CL  1904  {brooks), 

I.  TOWELL. 

Chester,  U.S.N.,  Superintendent.] 

observation  made  here  May  16  gives  as  corrections  to  the 
ephemeris:     /la  =  —3^  ,  J8  =  +15". 
Ephemeris. 
G.JI.T.  a  S  log  A  Br. 


IT 

= 

328 

43  47 

.6 

f). 

= 

275 

41  22 

.8 

i 

= 

125 

6  17 

.4 

7 

= 

0.431988 

19.5 

14 

47  45.8 

+  57 

45  53 

0.38595 

0.80 

20.5 

43     9.3 

52  32 

0.38821 

0.79 

21.5 

38  34.9 

57 

58     8 

0.39052 

0.78 

22.5 

32     3.0 

58 

2  42 

0.39286 

0.77 

23.5 

29  34.0 

6  16 

0.39525 

0.76 

24.5 

25     8.3 

8  53 

0.39766 

0.75 

25.0 

20  46.2 

10  33 

0.40011 

0.74 

26.5 

16  27.9 

11  20 

0.40259 

0.73 

27.5 

12  13.7 

11  15 

0.40510 

0.72 

28.5 

8     4.0 

10  19 

0.40763 

0.71 

29.5 

14 

3  58.9 

8  36 

0.41018 

0.70 

30.5 

13 

59  58.7 

6     7 

0.41276 

0.69 

31.5 

13 

56    3.4 

+  58 

2  55 

0.41536 

0.68 
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PERIOD   OF  6760  k  PAVONIS, 

By  ALEXANDER   W.  ROBERTS. 


In  A.J.  553,  p.  7,  Dr.  Chandler  indicates  that  uncer- 
tainty* exists  with  regard  to  the  exact  period  of  the 
southern  variable  k  Pavonis. 

When  his  judgment  came  under  my  notice  I  was  engaged 
in  reducing  the  Lovedale  observation  of  k  Favonis.  It  is 
therefore  both  convenient  and  opportune  to  state  briefly 
the  main  results  of  this  reduction  in  as  far  as  they  bear  on 
the  question  of  the  star's  period. 

My  observations  of  k  Pavonis  were  begun  in  May,  1891, 
and  have  been  continued  regularly,  with  the  exception  of 
a  break  in  1897,  down  to  the  present  time.  During  the 
thirteen  years,  1891-1903,  1043  observations  have  been 
secured,  and  190  maxima  determined. 

These  observations  are  so  uniformly  distributed  over  the 
thirteen  years,  1891-1903,  that  no  uncertainty  in  enumer- 
ating the  number  of  light-phases  of  k  Pavonis,  during  this 
period,  can  possibly  arise. 

It  will  make  for  brevity  and  simplicity  if  all  the  obser- 
vations recorded  in  any  one  year  be  reduced  to  a  mean 
light-curve  for  that  year.  In  carrying  out  these  reductions 
I  have  taken  9.091  days  as  the  mean  period.  It  will  be 
evident  that  a  slightly  different  period  would  have  little  or 
no  appreciable  effect  upon  the  mean  light-curve  for  any 
one  year. 

The  mean  minima  and  maxima  thus  determined  are  as 
follows : 


Table  I. 

Ma.xima. 

K 

Dale 

O 

C 

0-C 

-341 

1S91  .lulv  15.5 

241  1929.5 

1929.5 

+0.0 

301 

1892  July  13.2 

2293.2 

2293.1 

+  0.1 

260 

1893  July  21.2 

2666.2 

2665.8 

+0.4 

224 

1894  June  13.3 

2993.3 

2993.1 

+  0.2 

187 

1895  May  15.3 

3329.3 

3329.5 

-0.2 

142 

ISOG  June  27.2 

3738.2 

3738.6 

-0.4 

52 

IS'.iS  Sept.  23.8 

4556.8 

4556.8 

+  0.0 

27 

1899  May      9.0 

4784.0 

4784.0 

+  0.0 

+   21 

1900  July   19.7 

5220.7 

5220.4 

+  0.3 

00 

1901  July     9.5 

5575.5 

5575.0 

+0.5 

99 

1902  June  28.8 

5929.8 

5929.5 

+  0.3 

+  145 

1903  Aug.  20.7 

241  6347.7 

6347.7 

+  0.0 

•The  uncertainty  spoken  of  was  between  the  periods  9''.  102  and 
^''.092.     Mr.  RoiiEKTs's  article  satisfactorily  removes  the  doubt. 

Ed. 


Table  II 

Minima. 

E 

Dale 

0 

C 

0— C 

-341 

1891  July  20.1 

2411934.1 

1934.3 

-0.2 

301 

1892  July    18.0 

2298.0 

oog-  g 

+  0.1 

260 

1893  July  20.1 

2671.1 

2670.6 

+  0.5 

224 

1894  June  18.0 

2998.0 

2997.9 

+  0.1 

187 

1895  May  20.0 

3334.0 

3334.3 

-0.3 

142 

1896  July     1.7 

3742.7 

3743.4 

-0.7 

52 

1898  Sept.  28.6 

4561.6 

4561.6 

+  0.0 

—  27 

1899  xMay    13.7 

4788.7 

4788.8 

-0.1 

+   21 

1900  July  24.2 

5225.2 

5225.2 

+  0.0 

60 

1901  July   14.2 

5580.2 

5579.8 

+  0.4 

99 

1902  July     3.7 

5934.7 

5934.3 

+  0.4 

+  145 

1903  Aug.  25.5 

241  6352.5 

6352.5 

+0.0 

The  first  three  columns  of  the  foregoing  tables  need  no 
explanation. 

The  dates  given  in  the  fourth  column  are  computed  from 
the  following  elements : 

Tj,  =  241 5029.5  +  (9''.0910)  E 
T„  =  241  5034.3  +  (9''.0910)  E 

where  Tj,  and  T„  are  for  Tables  I  and  II  respectively. 

It  is  evident  that  the  residuals  given  in  column  0  — C  of 
both  tables,  residuals  computed  on  the  basis  of  an  invariable 
period,  vary  according  to  definite  law.  Charting  down  the 
values  we  find  that  there  is  at  once  exhibited  a  curve  of 
the  simple  character  represented  by  the  trigonometrical 
expression, 

III  cos(Ee—M) 

A  graphical  determination  indicates  that  this  periodical 
inequality  runs  through  its  full  cycle  in  eight  years. 

Whether  tliis  systematic  variation  in  the  length  of  the 
period  is  due  to  subjective  causes,  i.e.  position-error,  atmos- 
pheric absorption,  fluctuations  in  magnitude  of  one  or  more 
of  the  comparison-stars,  and  is  therefore  only  apparent ; 
or  whether  it  has  an  actual  objective  existence,  I  am  not 
able  as  yet  to  determine. 

The  causes  which  underlie  many  of  the  minute  but  yet 
appreciable  inequalities  that  affect  the  period  of  not  a  few 
variable  stars  are  exceedingly  obscure. 

(91) 
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Now  if 

Tj,  =  any  observed  maximum  of  k  Favonis 

p  +  Jj>  —  period  of  star 
t-'rM=  epocli  of  maximum  passage 
m  cos(Etf— il/)  =  secular  variation  in  period 
then  for  any  maximum  we  have  the  following  equation  of 
condition  : 

(/,  +  Jy/)  +E(<  +  JO+  '"  fos(Ee-.l/)  =  T^ 
or 

Ap  +  Y.M  +  m  cos  (E6I-.1/)  =  1\  -  (y  +  Ec) 
that  is, 

Ap  +  E J?  ^  cos  Ee  (w  cos  -V)  +  sin  E^  (//;  sin  J/)  =  0  -C 

The  same  will  hold  good  for  any  minimum  determination. 
It  has  already  been  stated  that  the  secular  irregtilarity 
of  period  runs  through  a  full  cycle  of  variation  in  8  years; 
this  gives  as  the  value  of  B, 

d  =  1°.13 

We  have  thus  data  for  the  construction  of  suitable  equa- 
tions of  condition  for  the  determination  of  the  principal 
elements  of  variation  of  this  star. 

Forming  and  solving  these  equations  of  condition  in  the 
ordinary  way,  we  obtain  the  following  results : 

For  Maxima      Fob  Minima 


M 

+  0.04 

-0.05 

Jp 

+  0.0005 

+0.0006 

m 

+  0.39 

+  0.46 

31 

52°  26' 

56°  20' 

Combining  both  sets  of  values,  we  obtain  as  the  elements 
which  best  represent  the  Lovedale  observations  of  «  Pa- 
lonis,  during  the  period  1891-1903,  the  following  : 

Tj,  =  2415029.54  +  91.09155E  +  0'^.43  cos(E  l°.13-54°) 

T„.  =  2415034.25  +  9'^.09155E  +  0*.43  eos(El°.13-54°) 

J\l  -  m  =  4'3.71     ,     /«  -  M  =  4'i.3S 

The  practical  equality  of  the  ascending  and  descending 
periods  of  k  Pavonis  has  been  referred  to  in  previous  notes 
on  this  star's  type  of  variation. 

As  we  are  assured  of  the  constancy  (within  certain  well- 
defined  limits)  of  the  mean  period  during  the  thirteen 
years,  1891-1903,  we  may  with  a  certain  measure  of  confi- 
dence relate  the  Lovedale  measures  to  those  made  at  Cor- 
doba in  1871,  1872  and  1873. 

There  are  three  maxima  and  three  minima  of  <c  Pavonis 
recorded  in  the  Uranometria  Argentina,  viz  : 


Maxima 

J.D. 

1871  Dee.  31  =  240  4793 

1872  Oct.  6  =  240  5073 

1873  Julv26  =  2405366 


Minima 

J.D. 

1871  Nov.  29  =  240  4761 

1872  Dec.  25  =  2405153 

1873  July    3  =  240  5343 


As  no  hour  is  recorded,  we  may  take  the  dates  as  they 


stand,  reducing  them  by  means  of  the  period  9''. 091  to  one 

mean  maximum  and  minimum  phase. 

For  future  reference  we  may  indicate  tliis  reduction : 


Maxima. 

240  4793  +  345.5  =  240  5138.5 
240  5073-  63.6  =  240  5136.6 
2405366-227.3  =  240  5138.7 


Mean  max.  =  240  5137.9 


Minima. 

240  4761  +38l'.8  =  240  5142.8 
2405153-  9.1=2405143.9 
240  5343-200.0  =  240  5143.0 


Mean  min.  =240 5143.2 


The  intervals  between  the  Cordoba  mean  values  and  the 
Lovedale  mean  values,  are  accordingly, 


Maxima 

241  5029^.5 
240  5137.9 


!MlXIMA 

241 5034.3 
2405143.2 


Interval 


9891.6 


9891.1        Mean  98910.4 


If  no  per  snlttnn  change  of  period  has  taken  place  during 
the  years  1873-1891,  the  Lovedale  observations  indicate 
that  in  the  interval,  9891.4  days,  there  have  occurred  1088 
periods,  which  yields  as  the  mean  duration  of  a  single 
period,  9.0914  days. 

Any  period  differing  ±0"'.001  from  this  value  is  incom- 
patible with  the  Lovedale  observations. 

It  is  hoped  that  the  present  consideration  may  tend 
towards  establishing  a  satisfactory  period  for  k  Pavonis. 
It  is  in  this  spirit  that  I  have  put  on  record  now,  rather 
than  at  a  later  date,  my  observations  of  the  star. 

If  this  paper  does  not  remove  existing  difficulties  it  will 
at  least  afford  an  opportunity  to  astronomers  of  comparing 
the  Lovedale  observations  with  any  others  which  they  may 
have  in  their  possession. 

One  is  tempted  to  speculate  on  the  causes  which  give 
rise  to  a  phenomenon  so  interesting  as  the  secular  variation 
in  the  period  of  k  Pavonis. 

It  will  readily  occur  to  the  mind  of  most  that  if  we 
regard  k  Pavonis  as  a  bright  companion  circling  round  a 
massive  dark  central  star,  in  a  period  of  about  eight  years, 
and  in  an  orbit  whose  plane  is  practically  in  the  line  of  sight 
we  have  all  the  circumstances  which  would  produce  vari- 
ation of  the  character  determined. 

The  difficulties,  probably  insuperable,  is  the  magnitude 
of  the  orbit,  and  the  massiveness  of  the  central  body  which 
such  a  light  equation  as  ten  hours  would  imply. 

Yet  if  we  assume  «  Pavonis  to  revolve  in  an  orbit  70 
times  the  size  of  the  earth's  orbit,  and  round  a  central  body 
5,000  times  more  massive  than  the  sun,  we  have  a  complete 
explanation  of  the  secular  variation  of  period. 

Unless  K  Pavonis  is  at  an  immense  distance  from  us, 
heliometer  observations  should  testify  (or  otherwise)  to 
the  eight-yearly  vibration  of  the  star,  and  spectroscopic 
observations,  at  no  distant  date,  might  yield  evidence  of 
its  orbital  movement. 
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OBSERVED  MAXIMA   AND  MIXIMA   OF  VARIABLE   STARS,   1900-1903, 

Bv  PAUL  S.  YEXDELL. 


4805.      W  Virginis. 
Thirteen  observations  of  W  Virtiinis,  from  1900  Mar.  25, 
to  ^lay  22,  and  thirteen  in  1902,  from  April  28  to  June  9, 
indicate  maxima  and  minima  as  follows  : 

Wt. 


Ma.K. 
1900  Mar.  31.5 
1902  May  31.9 


Wt. 
4 
4 


Min. 
190O  May  26.9 
1902  May     8.6 


5912.  g  Hercxdis. 
I  have  ten  observations,  from  May  30  to  July  28,  and 
one  on  Sept.  5.  When  first  observed  the  star's  light  was 
estimated  at  5". 2.  On  June  5  it  had  increased  to  5".0,  at 
which  light  it  remained  until  June  14,  diminishing  to  a 
minimum  of  e^.O  on  July  10.  A  single  observation  on 
September  5  showed  the  star  at  e^.O. 

6404.      Y  0])hiuchi. 
Thirty-three  observations,  from  1902  May  28  to  Sept.  23, 
show  three  maxima  and  three  minima,  as  follows: 


Max. 

Wt. 

Min. 

Wt 

1902  May  31.6 

3 

1902  June  29.1 

3 

July     5.2 

4 

July  31.4 

3 

Aug.  24.6 

2 

Sept.    6 

1 

6472.      W  Sarjiftarii. 
Thirty  observations,  from   1902  May  28  to  Sept.  23,  in- 
dicate maxima  and  minima  as  follows,  by  the  application 
of  a  mean  light-curve. 


Max. 

Obs. 

Min. 

Obs. 

1902  June  10.09 

1 

1902 

July    1.38 

1 

18.05 

1 

31.41 

2 

July    4.23 

4 

Aug.    8.70 

') 

11.15 

3 

Aug.    3.02 

1 

25.46 

9 

Sept.    2.34 

1 

6573.      Y  Saf/itfarii. 
Thirty  observations,  from  1902  May  13  to  Sept.  23,  in- 
dicate maxima  and  minima  as  follows. 

By  the  mean  light-curve : 

Max.            Obs.                        Min.  Obs. 

1902  May  27.60       2     |     1902  May  13.09  1 

June  24.41       1                   June    6.58  1 

29.51       1                   July    3.36  3 

July     6.38       1                    Aug.    1.62  2 

Aug.    8.93       1                               7.60  1 

21.74       1                             25.39  1 

31.72       1                   Sept.    5.33  1 

Sept.    7.35       1                             22.33  1 
By  the  single  curves,  three  minima : 

July  9.7    wt.  3  I  Aug.  25.3    wt.  2  |  Sept.  5.3  wt.  2. 

6613.     d  SerjH'ntis. 
This  star  was  observed  twenty-three  times,  from  1902 
May  30  to  Sept.  5.     The  observations  yield  three  maxima, 
as  follows : 


1902  May  31.6       wt.  2 
July    12  3 

Aug.    2.5  4 

I  find  no  confirmation  in  my  later  observations  of  the 
short  period,  nor  of  the  p  Lyrae  type  of  variation  suggested 
by  my  earlier  ones.  The  star  seems  rather  to  be  of  the 
type  of  B  Sciifi,  with  a  period  of  something  like  a  month, 
and  of  very  varying  light-range,  its  variations  in  some 
seasons  having  been  within  reasonable  errors  of  observa- 
tion, so  that  at  times  I  have  been  in  doubt  of  the  star's 
actual  variability. 

6636.      U  Saffittarn. 
Thirty-one  observations,  from  1902  May  13  to  Sept.  23, 
yield  the  following  maxima  and  minima  by  the  use  of  a 
mean  light-curve : 


Max. 

Obs. 

Min. 

Obs 

1902  May  29.83 

3 

1902  May  12.60 

June    5.16 

1 

June    9.46 

25.86 

2 

29.07 

July    2.36 

2 

July     6.37 

9.14 

2 

Aug.     8.12 

Aug.     6.71 

1 

22.68 

6733.  R  Scuti. 
Thirty-nine  observations  of  this  star,  from  1902  May  9 
to  Oct.  23,  show  maxima  and  minima  as  follows:  a  mini- 
mum of  6". 5  on  May  15  ;  a  maximum  of  5*.!  on  June  24; 
a  minimum  of  6".2  about  July  12  ;  a  maximum  of  5*. 4  on 
August  7  ;  and  a  minimum  of  6". 6  on  Sept.  6.  At  the  last 
observation  the  star  was  at  5". 5. 

6749.  5  Sciti. 
I  observed  this  star  seventeen  times  in  1902,  from  May 
29  to  Oct.  23.  At  the  first  observation  it  was  faint,  about 
6i-  mag. ;  it  rose  to  6  mag.  by  the  beginning  of  July.  It 
remained  without  apparent  change  until  the  beginning  of 
September.     A  detached  observation  on  Oct.  23  found  it 

about  6i  mag. 

6758.     /3  Lyrae. 

Forty-nine  observations,  from  1902  May  8  to  Oct.  23, 
show  the  following  principal  minima: 

Min.  Obs.  Min.  Obs. 

1902  May  17.62       1  1902  July  27.99  1 

Juiie    6.10       2  Aug.    0.22  1 

July     1.49       1     I  22.46  1 

13.49       1     I  Sept.    4.68  2 

6794.  li  Lyrae. 
I  have  thirty-one  observations  of  R  Lyrae.  from  May  2 
to  Sept.  23,  1902.  At  the  first  observation  the  star  was 
estimated  to  be  4".9.  It  rose  quickly  to  a  maximum  of 
4*. 3  on  May  15,  and  fell  away  almost  as  quickly  to  4''.S. 
at  which  brightness  it  was  found  on  May  30,  and  continued 
dropping  slowly  to  5".0,  at  which  light  a  minimum  was 
observed  on  Aug.  7.     From  this  it  rose  steadily  to  a  maxi- 
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mum  of  4". 25  on  Sept.  7.    At  the  last  observation,  on  Sept. 
23,  it  had  declined  to  5". 

6984.  CAijiillae. 
U  Aquilae  was  observed  during  the  season  of  1902  twenty- 
six  times,  from  .'May  30  to  Sept.  23.  From  tliese  observa- 
tions the  following  times  of  maximum  and  minimum  are 
deduced.  The  minima  marked  c  were  deduced  by  the  aid 
of  a  mean  light-curve,  the  rest  from  the  single  curves. 


Max. 

Obs. 

Min. 

Obs.  Wt. 

902  Mav  ;!1.78 

1902  June     5.01 

Ic 

June    7.99 

July     3.6 

3 

^ulv     7.18 

10.9 

4 

13.59 

30.6 

3 

Aug.    3.48 

Aug.     7.4 

2 

24.02 

2 

22.35 

Ic 

Sept.  22.57 

1 

Sept.  5.33 

3 

7034.  U  Vulpeculae. 
This  star  is  a  rather  difficult  and  unsatisfactory  object, 
being  too  faint  for  comfortable  observation  with  the  field- 
glass,  and  the  comparison-stars  too  distant  and  scattered 
for  convenient  use  in  the  telescope.  I  have  thirty-seven 
observations,  from  1902  May  8  to  Oct.  23.  The  use  of  a 
mean  light-curve  indicates  maxima  and  minima  as  follows  : 

Max. 
1902  Mav  5.62 
29.32 
June  6.88 
Aug.  2.36 
Sept.  11.40 
Oct.    20.32 

7085a.     SU  Cij'jni. 
Forty-six  observations  of  SV  Cyytii  show  the  following 
maxima  and  minima  on  the  application  of  a  mean  light- 
curve.     The  very  short  period  of  the  star  causes  many  of 
these  to  depend  on  a  single  observation. 


1902 


Obs. 

Min. 

Obs 

1 

1902  May  28.14 

1 

2 

June  29.00 

2 

1 

July  39.77 

3 

1 

Aug.     8.74 

2 

1 

23.85 

1 

1 

Oct.    25.48 

1 

Max. 

Obs. 

Min. 

Ob 

May  13.60 

1902  Jlay     5.12 

1 

June    5.57 

S.So 

1 

9.93 

June    1.17 

2 

17.65 

14.43 

1 

20.52 

23.40 

1 

24.49 

27.40 

1 

Julv     3.08 

July     1.91 

1 

6.47 

29.48 

1 

10.93 

Aug.    9.42 

1 

Aug.     2.46 

Sept.    2.78 

2 

Oct.    22.06 

2 

7378.     SZ  Cijgni. 
I  have  had  this  star  under  more  or  less  continuous  ob- 
servation during  the  seasons  of  1900  to  1903,  the  observa- 
tions numbering  eighty-three. 

By  the  use  of  a  mean  light-curve  formed  from  all  the 
observations  up  to  January,  1903,  I  have  deduced  the  fol- 
lowing maxima. 

Dorchester,  1904  Hay  1. 


Max.  Obs.  Max. 

1900  Nov.    4.41  1     '  1902  Sept.  10.33 

1901  Oct.    15.60  2  Oct.    24.83 
Nov.  14.38  1  1903  May  25.10 

1902  July  26.74  3  Oct.    23.88 
Aug.  10.24  2     I 

My  the  single  curves  : 

Max.  Wt.  Min. 

1902  June  27.5  5     1  1902  June    20.8 

July  12.2  4     I  July       6.2 

Aug.  26.1  4     I 


Obs. 
1 
1 


Wt. 
4 
4 


7437.     X  Cygni. 
Forty-seven  observations  of  X  Cyrjni,  from  1902  May  9 
to  Oct.  23,  show  the  following  maxima  and  minima  : 


Max. 

Wt. 

Min. 

Wt. 

2  June    7.9 

2 

1902  June  17.5 

5 

24.7 

4 

July     4.2 

5 

July  10.3 

3 

Aug.  26.4 

2 

7483.      T  Vulpeculae. 
Twenty-six  observations  of  T  Vulpenulae,  from  May  9 
to  Sept.  2,  1902,  show  the  following  maxima  and  minima 
by  the  use  of  the  mean  curve  : 


Max. 

Obs. 

Min. 

Obs 

1902  May  10.6 

1901 

May  29.6 

3 

14.8 

June    9.4 

1 

June  23.7 

July     1.4 

1 

July  29.6 

5.3 

2 

Aug.    7.0 

10.4 

14.5 

31.4 

Aug.  23.4 

1 
1 

1 
1 

7539.      TX  Cygni. 

This  star  and  SZ  Cygni  are  two  of  Mr.  Williams's  stars 
of  which  I  believe  I  am  the  only  observer  in  this  country. 
I  have  thirty -seven  observations  of  it,  from  May  11  to 
Oct.  26,  1902,  and  sixteen,  from  May  21  to  Oct.  26, 1903. 

These  observations  indicate  a  period  of  14.728  days, 
which  agrees  very  fairly  with  that  of  Mr.  Williams  {A.X., 
3769, 13).  They  show  the  following  maxima  and  minima. 
Those  marked  with  a  c  were  deduced  by  the  aid  of  a  mean 
light-curve,  the  others  from  the  single  curves. 


Max. 

Wt. 

Obs. 

Min. 

Wt. 

Obs. 

1902  May    10.59 

Ir 

1902 

May   31.7 

5 

24.69 

2c; 

June     1.70 

2c 

June    8.0 

5 

July     1.4 

5 

July     7.1 

5 

Aug.  28.57 

3c 

Aug.     5.98 

2c 

20.22 

Ic 

Sept.  11.5 

Ic 

Sept.  18.19 

2  c 

1903  May  26.83 

2'" 

1903 

July  20.4 

Ic 

July  24.34 

U 

Oct.    21.37 

Ic 

Oct.    14.4 

Ic 

The  type  of  light-curve  of  this  star  and  of  7378  SZ  Cygni^ 
is  substantially  that  of  T  Vulpeculae. 
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NOTES   ON   VARIABLE   STARS,  —  No.  40, 

By  HENHY  M.  PARKHURST. 


Siihtaii'icnt  Process.  A  variation  of  the  subtangent 
method  (A.J.,  No.  540),  occurs  in  obtaining  the  minimum 
of  7560,  which  was  beyond  the  reach  of  my  telescope. 
The  substance  of  the  computation,  derived  from  the  given 
observations  for  four  selected  days  is  as  follows : 

The  first  tangent  is  derived  from  the  observations  of 
Sept.  13  and  21 ;  mean,  6376.0.  The  minimum  is  assumed 
to  occur  at  6376.0  +  /.  Interval  All.  9.0=  +1.21; 
^,  =  +.13. 

The  second  tangent  is  derived  from  the  observations 
of   November   11  and  12  ;    mean,  6431.0.     The  minimum 


occurs  at  6431.0  —  55  +  t.     Interval  C  Ca,  1.0  =  —.40; 
^  =  -.40. 

The  vertex,  or  minimum,  is  obtained  from  the  intersec- 
tion of  the  two  tangents;  taking  the  mean  magnitude  of 
each  pair,  reckoning  the  time  from  the  first  mean  time 
given : 

11. 83  +  . 13  «  =  10.70-. 40  (<-5o).     Or 
.53 1  =  - 11.83  +  10.70  +  22  =  20.87. 
f  =  39 ;  minimum  =  6415. 
From  the  two  tangents  we  obtain  for  the  magnitude  at 
minimum,  11.83 +  39 /x,,      =17.0;      10.7  +  16/u,  =  17.1. 


Results  of  Observations. 


Observed  Date 

No. 

Star 

Phase 

Julian 

Calendar 

E 
11 

Corr. 

Wt. 

Mag. 

Factors 

Remarks 

6207 

Z  Ophiuchi 

Max. 

6448 

1900-08 

Nov.  29 

+   30 

9 

7.7 

_ 

d 

5  Snbuingent  process  ;  from  iiibau  of 
i    List  two  obserA-alions. 

6452 

R  ¥  Hermlis 

Max. 

6416 

Oct.    28 

— 

_ 

7 

8.6 

_ 

_        _ 

ilS-i? 

6682 

X  Ophiuchi 

Max. 

6419 

Oct.    31 

19 

—     7 

9 

6.90 

1.82 

0.98  28 

Elements  S""  catalogue. 

6892 

RX  Saijittarii 

Max. 

6408 

Oct.    20 

10 

-   14 

9 

10.15 

1.41 

1.36  34 

329  ?    A.J.  553. 

7162 

RS  Aquilae 

- 

_ 

- 

_ 

_ 

_ 

_ 

_ 

_     _ 

Irregular  ?    Not  seen. 

7252 

W  Capricorni 

Max. 

6408 

Oct.    20 

55 

_ 

E 

_ 

_ 

_      _ 

Invisible. 

7261 

R  Delphini 

Max. 

6420 

Nov.     1 

49 

-  44 

9 

8.70 

1.39 

1.46  29 

Correction  diminishing. 

7268 

RT  Capricorni 

Max. 

6386 

Sept.  28 

_ 

_ 

_ 

_ 

_ 

_      _ 

7431 

S  Delphini 

Miu. 

6418 

Oct.   31 

50 

_ 

E 

_ 

_ 

_      _ 

Interruption.                     [380* 

7435 

Y  Aipiarii 

Max. 

6389 

Oct.      1 

24 

+     8 

9 

8.91 

4.0 

2.0  34 

Adding  to  epoch  OO""  ;  period 

7444 

T  Delphini 

Max. 

6382 

Sept.  24 

43 

+     8 

6 

9.4 

- 

_ 

7450 

V  A'juarii 

Max. 

6402 

Oct.    14 

20 

-158 

9 

8.44 

6.0 

4.0  64 

Xo  regular  changes  apparent. 

7468 

T  Aquarii 

Max. 

6344 

Aug.  17 

75 

—     7 

1 

_ 

_ 

_ 

Probably  earlier. 

7502 

X  Delphini 

Max. 

6505 

Jan.  25 

11 

+     8 

1 

_ 

_ 

_ 

A.J.  553. 

7560 

R  Vulpeculae 

Min. 

6415 

Oct.    27 

102 

+     1 

7 

17.0 

- 

_ 

7594 

RS  Aqniirii 

Max. 

6394 

Oct.      6 

7 

+  13 

9 

9.77 

1.20 

1.35  24 

4883  + 214  E. 

7619 

RR  Aquarii 

Max. 

6392 

Oct.      4 

7 

-  69 

9 

8.58 

1.57 

2.41  27 

512S+1W.5E. 

7659 

T  Caprieomi 

Max. 

6107 

Dec.  23 

64 

0 

1 

8.1 

_ 

- 

8290 

R  Per/asi 

Max. 

6355 

Aug.  28 

51 

- 

E 

_ 

- 

_ 

8369 

W  Pe'jani 

Min. 

6407 

Oct.    19 

9 

+  23 

8 

11.5 

- 

- 

8373 

S  Pegasi 

Max. 

6506 

Jan.   26 

45 

-     9 

o 

7.6 

_ 

_ 

Subtangent  process;  A.J.  653 

8597 

V  Ceti 

Max. 

6452 

Dec.     3 

34 

-   12 

5 

9.5 

- 

-      - 

Probably  earlier. 

6207   Z  Ophiuchi. 

(Cont.from47(l.  Comp.Sfars333) 
Julian     Calendar      Mac 


Individual  Obskrvations 

Incluiling  ObserviitlonB  by  Akthcr  C.  i 


6344.6 

1903 

Aug.  17 

11.7 

6371.5 

Sept.  13 

10.6 

6;?80.5 

'>•) 

9.90., 

6387.5 

29 

s.i.-.„ 

6402.5 

Oct.    14 

8.('>S„ 

6407.5 

19 

8.70„ 

6412.5 

24 

8.1 3„ 

6416.5 

2S 

7.90. 

6426.5 

Nov.     7 

S  52, 

6438.5 

19 

7.42„ 

6452  RYHe.r 

ciilis. 

6452  RYJIercl. 

-Cont. 

6682  X  Ophiu.- 

-Cont. 

6892    RX  Sa;/i 

tttirii. 

(ContlnueU  from  490.) 

Julian    Calendar 

Mag. 

Julian 

Calendar 

Mag. 

Xont  froniSSi.  Comp 

SUra431> 

Julian     Calendar 

Mag. 

6387.5  Sept.  29 

10.00, 

6362.5 

mo 
Sept.    4 

6.8 

Julian     Calendar 

Mag. 

6266.6  May  31 

11.9 

6402.5  Oct.    14 

8.89, 

6372.5 

14 

8.37. 

6342.6  Aug.  15 

131 

6345.6  Aug.  18 

10.6 

6407.5            19 

9.03, 

6382.5 

24 

7.15„  6:550.6             23 

12] 

(;.3I7.6             20 

11.13, 

6412.5            24 

8.46 

6388.5 

30 

7.02.  6;i6S.5  Sept.  10 

10.6 

(■);!C)9.5  Sept.  11 

11.0 

6416.5            28 

8.58. 

6391.5 

Oct.      3 

7.33.,  6;?69.6             1 1 

10.58, 

(•..•171.5            13 

10.1 

6425.5  Nov.    G 

8.74, 

6407.5 

19 

7.10,  (i371.5             13 

10.78, 

6374.5             16 

10.2 

6437.5            18 

9.3 

6413.5 

25 

7.03,6372.5            14 

11.13, 

6376.5            18 

10.15, 

6417.5 

29 

6.62j  6379.5            21 

10.94, 

6;\S0.5            22 

10.55, 

6682  X  Ophiuchi. 

6426.5 

Nov.     7 

6.71J  6383  5            25 

10.81, 

(;;!.s.l.5            26 

10.06, 

iConllnuol  from  490) 

6430.5 

11 

7.89,  63S8.5            30 

10.67 

63S6.5             28 

10.03, 

6345.6  Aug.  18 

7.1 

6437.5 

18 

6.8 

6401.5  Oct.    13 

9.79, 
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6892  NXSa'/ift.  —  Cont. 


Julian    Calendar 

Mag. 

1903 

6409.5  Oct.   21 

10.17., 

6417.5            2'.) 

10,1()„ 

6426.5  Nov.    7 

i().(;2.. 

6430.5             ]  1 

10.1)]., 

7162   KS  Aiiiiilae. 

(Cont.froiti  53!).  Comp 

Stars  464) 

6371.6  Sept.  13  to 

6430.5  Nov.  11     12] 
5  dates 

6408.6  Ocft    20     10]i> 

7252    W  Capricorn!. 

(Continued  from  4«.) 

liJOl 

5609.6  Aug.  12     12] 

I'JOS 

6376.6  Sept.  IS  to 

6430.5  Nov.  11     12] 
4  dates 

7261   li  Dplphini. 

(Continued  from  53.5.) 

6372.6  Sept  14  11.6] 
6:!<.n.5  (M.  3  8.10„ 
C.IOI..^.  13  8.(i9J 
(;40',).5  21  8.93, 
6413.5  25  8.99, 
()41S.5  30  8.34„ 
6426.5  Nov.  7  8.90^ 
6431.5  12  8.531 
6446.5  27  9.5  " 
6462.5  Dec.  13  10.36„ 


7268 

BT  Capricorn!. 

6089 

1«12 

Dec.     5 

8.3 

6376.6 
6384.5 

Sept 

18 
26 

8.4 
8.1 

6386.5 

28 

7.91 

re  (3 

6387.5 

29 

7,55 

6388.5 

30 

7.81 

6391.5 

Oct. 

3 

7.39. 

6401.5 

13 

8.43 

7268  HI'  Capric. -Cont. 

Julian     Calendar  Mag. 

6408.5  Oct.   20  7.96,, 

6413.5            25  7.75j 

6423.5  Nov.    4  8.00 

6430.5             11  7.92„ 

6446.5  27  7.S 

7431   S  Delphini. 

(Continued  from  425.) 

1903 

6372.6  Sept.  14  11.4 
6.377.5     19  10.9 
(;;iS3.5     25  9.40., 
Ii384.5     26  10.54.' 
6402.5  Oct.  14  11.0.8. 

6437.5  Nov,  18  9.0  ' 

7435    Y  Ai/uarii. 

(Continued  from  496.) 

1901 

5632.6  Sept.  4  8.8 
56;{3.5      5  9.09, 
5643.5     15  9.37! 
5663.5  Oct.  5  10.21] 

5671.5  13  10,5  ' 

6085   Deo"'  1  9.9] 

6102      18  10.8] 

6112      28  10.8] 

1903 

6364.6  Sept.  6  9.10, 
6376.6  18  8.9L 
6382.5  24  8.74* 
6388.5  30  9.22." 
6401.5  Oct.  13  8.65, 
6407.5  19  8.88,, 
6408.5  20  9.32", 
0415.5     27  9.441 

6426.5  Nor.  7  9.97„" 

7444   2'  Delphini. 

(Continued  Irom  311.) 

1903 

6372.6  Sept.  14  10.1 
6377.5            19  9.6 
6383.5            25  9.1 6, 
6384,5            26  9.502 
6402.5  Oct.   14  10.88., 
6437.5  Nov.  18  10.5 


7450    V  Aijnarii. 

(Continued  from  425,) 
Julian    Calendar       Mag. 

5304.5  Oct,    11       8,8i 


6093      Dec.     9 
61(12  18 

6112  28 

1903 

6116   Jan.  1 


8.8 
8.S 
9.0 

9.1 


6344,6  Aug,  17  8.9 

6347.6     20  8.51 

6348.6     21  8.73 

6362.6  Sept.  4  8.7 

6364,6      6  8.15, 

6376.6     18  8.68; 

6382.5     24  8.62^ 

6388.5     30  8.36," 

6401.5  Oct.  13  8.43," 

6407.5     19  8.4  h 

6408.5     20  8.64! 

641.5.5  27  8.1(i; 
6426.5  Nov.  7  8.89J 

7468   T  Aquarii. 

(Continued  from  464.) 

1900 

5304.5  Oct,    11  7,4p 

1901 

5632.6  Sept.    4  8.7 

1902 

6093      Dec.     9  8.6 

6102  18  8.0 

6112  28  8.0 

1903 

6116      Jan.     1  8.1 

6344.6  Aug.  17  8.5 

6347.6  20  8.79 

6362.6  Sept.    4  9.4 

6364,6  6  9.4 

7502  X  Delphini.      | 

(Cont.from482.  Comp.Stars438) 

1901 

56.30.6  Sept.  2  11.0] 
5643.6  15  9,6 
5649,5  21  9,3 
5661.5  Oct.  3  8.3 
.5663.5  5  8.3 
5(569.5     11  8.48„ 


7502  Xi)e//>Aini.-Cont. 
Julian  Calendar   Mag. 


5671.5  Oct,  13 
5677,5     19 

1902 

6085      Dec,     1 
6115  31 

5  dates 


8,29 
8,15o 

o 
11,5] 


7560  /?  Vulj/ecidae. 


7659   T  Capricorn  i. 

(Continued  from  498.1 
Julian     Calendar        Mug. 

1002 

6107      Dec.  23       8.1 
8290  Ji  Fe'jasi. 

(Continued  from  .'•3S.) 

1903 

6428.5  Nov.    9  10.5 

6429.5  1(»  10..55, 

6437.5  18  ll.Op 

6439.5  20  10.34j 

6456.5  Dec.     7  10,12, 

6472,5  23  10,9:' 


(Continued  from  431.) 

1903 

6369.6  Sept.  11  10.4 

6371.5     13  11.2 

6371.5     13  ll,23j;6493.5  Jan7  13  10,5] 

6372.5     14  II.O85' 

6380.5     22  12.44, 

6407.5  Oct,  19  13] 

6430.5  Nov,  11  10,9 

6431.5     12  10.5 


7594  JiS  Aqvarii. 

6114   De^'so  10] 

1903 

6347.6  Aug,  20  10.33 

6348,6     21  10,55 

6371,6  Sept,  13  9.5 

6378.5     20  9.7O2 

6384.5     26  9.99 

6386.5     28  10.23 

6387.5     29  9.35., 

6401.5  Oct.  13  9.8  'i 

6406.5     IS  10.07, 

6408.5     20  9.79; 

6427.5  Nov.  8  11.2]' 

7619  JiB  A'juarii. 

1903 

6371.6  Sept,  13  8,9 
6378,5  20  8,88, 
6386.5  28  8.79^ 
6387.5  29  S.Kl, 
6401,5  Oct.  13  8.9  " 
6406.5  18  8.58, 
6408.5  20  8.61, 
6427.5  Nov.  8  9.29^ 
6456.5  Dec.  7  10.0  ' 


8369  WPegusi. 

(Cont.from  4i)8.  Comii,Stars498) 


6.372.6  Sept.  14  11.1 

6382.5     24  11.10^ 

6406.5  Oct.  18  11.4 

6413.5     25  11.4 

6428.5  Nov.  9  11.5 

6456.5  Dec.  7  10.8 

6472.5     23  10.4 

6493.5  Jan*"  13  9.8 
8373  S  Peffa-si. 

(Cont  from  535,  Comp.Stars464) 

6406.5  Oct  "18  10,31s 

6428.5  Nov.    9  10.31j 

6437.6  18  9.5p 
6439.5  20  9.90j 
6456.5  Dec.  7  9,90, 
6472,5            23  8.7 


649.3.5  Jan.  13 


r.8 


8597    V  Ceti. 

(Continued  from  464.) 

190S 

6400.5  Oct.    18     11.5 

0408.6  20    10.0]  p 

6428.5  Nov,    9       9,52, 

6437.6  18  9,6p 
6455.5  Dec.    6  9.6 
6456.5  7  9.() 
6472.5  23  10.0] 


Comparison- Staks,  1S9..3-1904. 


6452  R  Y  Herculis. 

7594  nS  A 

[iiarii. 

7 

619  RR  Aq 

iiarii. 

7944  T  Fey 

asi. 

Star          DM, 

Mag, 

n 

Star 

DM. 

Mag. 

n 

Star 

DM, 

Mag, 

;i 

.star 

DM. 

Mag. 

n 

T     +19°3489 

9.24 

25 

/ 

-4°5382 

8.0 

0 

L 

—  3°51o5 

7,93 

4 

Ji 

+  11°4724 

8.02 

3 

W     +19°3484 

9.77 

15 

w 

-4°5386 

9.87 

8 

Q 

-3°5162 

8,7 

0 

N 

+  11°4726 

8.74 

6 

X     +19°3483 

9.99 

6 

X 

-4°5384 

9.93 

7 

u 

-3°5156 

9,40 

7 

Q 

+  ir4736 

8.48 

28 

a     27i9f        T 

10.54 

9 

Y 

-4°53S0 

9.93 

13 

X 

-3°5158 

9,54 

2 

s 

+  11°4735 

9.13 

33 

b     5n2f        T 

10.92 

7 

IF 

-4°5383 

9.78 

9 

IX 

-3°5163 

9,65 

1 

z 

+  11°4733 

10.12 

4 

c     Xp'          T 

11.07 

5 

h 

2sl/      X 

10.73 

9 

Y 

-.3°5157 

9,8 

0 

2Z 

+  11''4731 

9.65 

5 

/;     2,C2f        h 

11.5 

0 

9 

3w          I 

11.89 

0 

IF 

-3°5161 

9,77 

1 

dZ 

+ 11°4737 

9.44 

18 
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EPHEMERIS   OF   COMET  cl  1904  (fiflooA.^), 

By  EVERETT  I.  YOWELL. 
[Communicated  by  Rear-Admiral  C  M.  Chestek,  U.S.X.,  Superintendent.] 


This  epl 

emeris  is 

a  continuation 

of 

that  published  in 

G.M.T. 

a 

8 

log  A 

Br. 

A.J.  562. 

Observations  m 

ade 

here  give 

the  following  cor- 

June  15.0 

13 

s" 

9*4 

+  56 

10 

31' 
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0.55 
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25 
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0 

7 
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18.6 

55 

49 

30 
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0.53 
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" 

8 
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Br. 

18.5 

13 

1 
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17 
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5 

20 
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0.51 
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41 
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43 

31 
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52 
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54 

53 

57 

0.47374 
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37 
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37 

12 
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50 
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42 

28 

0.47632  • 
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34 

24.0 

30 

22 
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48 
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30 

55 
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31 

6.9 

23 

3 
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47 
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17 

0.48144 
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27 
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15 

16 

0.43657 
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45 
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54 

7 

35 

0.48397 

9.5 

24 

49.3 

57 

7 

4 

0.43926 

0.60 
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43 
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53 

55 

51 
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21 

49.0 

56 

58 

27 

0.44194 

28.5 

42 
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44 

5 
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18 
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49 

29 

0.44462 

0.58 

29.5 

40 

44.6 

32 

18 

0.49147 

0.45 

12.5 

16 

4.9 

40 

11 

0.44730 

30.5 

12 

39 

18.3 

+  53 

20 

30 

0.49394 

13.5 

13 

21.1 

30 

34 

0.44998 

0.56 

In  A.J.  56 
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for  Vi 

ay  22.0 
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read  34"  instead 

14.5 

13 

10 

42.6 

+ 

56 

20 

40 

0.45266 

of  32'". 

OBSERVATIONS   OF    9.190i  ORIONIS, 

Bv  ZACCBEUS  DANIEL. 


In  yi.iV.  3935,  Dr.  Wilhelm  Luther  announced  that  the 
sta,r  Htif/en  41,  4*  following  2100  [' Oj-ioni.s,  varies  about 
one  magnitude.  It  is  q,  10". 18,  in  the  Harvard  sequence 
of  comparison  stars  for  that  variable. 

This  star  was  observed  here  as  a  comparison  star  of 
U  Orionis  in  connection  with  the  work  done  for  the  Car- 
negie Institution.  Fourteen  observations  were  obtained 
with  Pickering's  equalizing  wedge  photometer  attached 
to  the  58.4  cm.  (23-ineh)  refractor.  Two  of  these  observa- 
tions, marked  R,  were  made  by  Professor  W.  M.  Reed. 
Another  comparison  star  used  was  HarfurJ  p  {Nitgeii  21 
=  DM.  +  20°1179).  Two  settings  were  made  on  each  com- 
parison star  before  the  variable  was  observed  and  the  same 
number  after:  the  stars  being  observed  in  reverse  order. 
The  agreement  between  the  two  sets  was  usually  good. 
On  1903  Sept.  18,  three  settings  of  those  made  on  j)  and 
six  on  tj  were  used.  The  second  series  on  j>  was  rejected 
for  discordance.  The  observation  on  1904  Feb.  15  was 
stopped  by  clouds  before  the  second  series  could  be  made. 
The  magnitudes  are  based  on  the  Harvard  magnitude,  9.66, 
for  ji. 

Princeton   University,  Princeton,  N.J..  1904  May  23. 


These  observations  indicate  a  variation  of  0''.74,  but 
they  do  not  agree  with  the  period  of  41.4  days  suggested 
by  Luther.  Ten  other  periods  were  tried,  but  none  was 
found  that  would  satisfy  the  observations. 

A  photometric  observation  made  by  Dr.  E.  Josx,  of 
Gotha,  on  1903  Jan.  17,  is  taken  from  A.X.  3909  and 
added  here  for  comparison. 


G.M.T. 

J.D. 

<i—l' 

Mag. 

1903  Jan. 

17 

6132.226 

+0.37 

10.03 

(Jest) 

Sept 

18 

376.854 

0.34 

10.00 

fair 

Oct. 

14 

402.890 

0.31 

9.97R 

fair 

19 

407.716 

0.74 

10.40 

fair 

Nov. 

6 

425.658 

0.43 

10.09 

fair 

18 

437.830 

0.46 

10.12 

fair 

26 

445.890 

0.30 

9.96 

fair 

Dec. 

7 

456:699 

0.80 

10.46 

good 

11 

460.828 

0.53 

10.19 

fair 

15 

464.828 

0.67 

10.o3R 

good 

1904  Jan. 

15 

495.651 

0.28 

9.94 

good 

27 

507.628 

0.94 

10.60 

fair 

Feb. 

<t 

520.678 

1.02 

10.68 

good 

15 

526.661 

0.76 

10.42(?) 

clouds 

Mar. 

4 

6544.590 

+  0.34 

10.00 

fair 

98 


THE     ASTKONOMICAL     JOUKNAL. 


N"'  5«3 


ECLIPSE   OF   SATELLITE   II   OF 

Hy  CnAKLES 
While  observing  Jupiter  oi\  the  night  of  1902  August  22, 
with  the  2G-inch  telescope  of  this  ol)Servatory,  two  of  the 
satellites  began  to  near  each  other  rapidly  and  it  appeared 
that  an  eclipse  was  about  to  occur.  The  following  obser- 
vations were  made,  Mean  Local  Time  being  used  : 

h       m       8 

Fist  contact 
Appeared  round 
Nearly  separated 
Last  c<0ntact 
Wide  space  between 

•  La8t  contact  oljaervcl  about  S«  late. 


12  59     7 

P 

ower  5(){i 

13     1   27 

'•       850 

13     ()  22 

850 

13     7     0* 

"       850 

13     7  3(5 

"       850 

JUPTTER   BY   SATELLITE   III, 

I'.  OLIVIER. 

The  second  and  third  contacts  could  not  be  observed 
from  the  unsteadiness  of  the  disks,  which  were  very  in- 
distinct in  outline.  Also  from  the  two  satellites  being 
nearly  the  same  color  and  not  greatly  different  in  bright- 
ness. The  eclipse  lasted,  making  correction  of  8"  to  last 
contact,  7'"  45*.  All  the  observations  were  made  very  dif- 
ficult from  the  seeing,  which  was  onlj-  fair,  and  the  small 
disks  of  the  satellites.     Satellite  III  had  eclipsed  IL 

Leander  MeCnrniick-  Obsertntory,  University  of  Virginia. 


OBSERVATIONS   OF  49.1903    ORIOXIS, 

By  ZACCHEUS  DANIEL. 


The  variability  of  49.1903  Orionis  was  discovered  by 
Dr.  Max  Wolk  and  announced  by  him  in  A.N.  3899.  He 
has  also  given  a  chart  of  the  region  in  A.N.  3935.  This 
star  is  the  brightest  of  all  the  variables  recently  discovered 
in  the  Orion  Nebula.     Its  position  is 

a  =  5"  36"'  36'.0     ;     8  =  -4°  11'  17"  (1900) 

Through  the  kindness  of  Dr.  Wolf,  I  obtained  an  ad- 
vance copy  of  his  chart  and  on  March  9  began  to  observe 
the  variable.  It  was  then  about  four  magnitudes  fainter 
than  S.DM.  — 4°1216,  9".5,  but  on  April  4  and  5  was  al- 
most equal  to  that  star,  thus  confirming  the  variability  be- 
Princeton,  Nev)  Jersey,  1904  April  IL  


yond  doubt.     ()n  the  last  two  dates  the  variable  appeared 
slightly  red. 

Following  are  the  differences  in  magnitude  between  the 
variable  and  three  stars  near  it  as  observed  with  the  photo- 
meter attached  to  the  58.4  cm.  refractor.  They  depend  on 
four  settings  on  each  star.  The  star  a  is  S.DM.  — 4°1216 
and  c  is  the  star  adjacent  to  the  variable  and  just  north  of 
it  on  Wolf's  chart. 


G.M.T. 

c  — « 

v  —  b 

r  —  c 

1904  March   9.6 

+  4.13 

+  0.92 

-0.20 

16.6 

+  3.26 

+  0.01 

-0.95 

April     4.6 

+  0.12 

-2.80 

-4.26 

5.6 

+  0.14 

-2.75 

XOTE   OX   A   PROBABLY  XEW   MINOR   PLANET. 

[From   a   letter  of   Rear-Admiral   C.   M.    Chester,    Superintendent   Xaval   Observatory.] 
An  asteroid  of  the  11.7  magnitude,  whose  position  is  not  The  following   micrometer   observation   was    made    by 

given    in   the    Berliner  Jahrhuch,    was    photographed    by       Mr.  W.  W.   Dinwiddie,  with   the  26-inch  equatorial,  on 
Mr.  G.  H.  Peters,  on  May  11,  with  the  6-inch  camera.  May  12  : 

1904  Wash.  M.T.        Comp.  Ja  J8  App.  a  App.  8  log  pA  Red.  to  App.  Place 

May  12**  14"  4™ 49  |  t30.6  |  -r3!56  ]  +2  3l'.6  |  15\55"'4o'l5  |  -19°  8  3o".5  |  9.275  |  0.861  |  +2^.58   +0.7 
Mean  Place  of  Comparison- Star  for  the  heginning  of  the  year. 

a  8  Authority 

15'56"'41.'l3     I     -19°11  2'8     |     Cin.  Zone  Catal.  2690 
The  daily  motion  is   —  49'.5  and  — 1''.2. 
Washiwjton,  1904  May  14.  
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OBSERVATIOXS  ON  THE   COLOR 

Bv  PAUL  S. 

The  observations  whose  results  are  here  detailed  were 
undertaken  for  the  purpose  of  extending  Chandlkr's  ex- 
amination of  the  colors  of  the  variable  stars  (A.J.,  VIII, 
137)  to  the  more  recently  discovered  variables. 

I  had  at  the  time  a  screen-glass  on  hand  which  nearly 
answered  the  description  of  the  one  used  by  Chandler, 
and  in  the  year  1891  made  a  few  observations  of  two  or 
three  stars  with  it.  Its  absorption  proved  so  slight  that 
it  was  soon  discarded,  and  a  screen  of  a  full  blue  color,  in 
the  form  of  a  double  eyeglass,  was  substituted.  The  use 
of  this  form  of  screen  made  it  convenient  to  extend  the 
comparisons  to  the  stars  observed  with  the  binocular  and 
with  the  naked  eye.  An  examination  of  the  spectrum  of 
the  light  transmitted  by  this  glass  showed  a  large  absorp- 
tion throughout  the  whole  of  the  red  and  yellow. 

Using  this  screen,  observations  were  begun  in  1892,  and 
carried  on  as  opportunity  offered,  pretty  continuously  until 
1897.  My  list  included  about  a  hundred  and  twenty  vari- 
able and  suspected  stars,  among  which  were  a  few  of 
Espin's  red  stars,  and  of  Thome's  suspected  southern  stars. 
These  were  observed  from  one  to  twenty  times  each,  the 
average  number  of  comparisons  for  each  star  being  about 
four.  From  the  nature  of  the  case,  it  was  unavoidable 
that  I  was  able  to  secure  but  one  observation  each  of  nianj- 
of  the  stars.  These  are  given  with  the  rest  in  the  final  table 
for  what  they  are  worth,  the  number  of  comparisons  going 
to  make  up  each  estimate  being  stated  for  every  star. 

In  April,  1893,  a  preliminary  examination  was  made  of 
the  observations  on  thirty-five  stars,  among  which  were  a 
number  of  those  contained  in  Chandler's  list  in  the  paper 
above  referred  to,  which  were  observed  for  the  purpose  of 
establishing  the  relation  between  Chandler's  decimal 
scale  and  the  absorptions  shown  by  my  screen.  As  deduced 
from  these  observations,  this  relation  was  apparently 
simple.  Color  estimates  of  a  number  of  the  newer  vari- 
ables, reduced  on  this  basis,  were  furnished  in  1890  for 
Chandler's  Second  Catalogue. 

The  pressure  of  other  work  interrui>ted  these  observa- 
tions in  1891,  but  they  were  carried  on  in  a  rather  desultory 
manner  until  1901,  when  my  observatory  was  broken  into, 


OF  certai:n^  variable  stars, 

YEXDELL. 

and   among   other   things,  my  screen  was   stolen.     This 
brought  the  series  of  observations  to  a  close. 

The  subject  having  recently  been  recalled  to  my  atten- 
tion, I  have  undertaken  a  final  reduction  of  the  observations. 
These  proved  to  have  accumulated  to  the  number  of  four 
hundred  and  fifty-two  comparisons  of  one  hundred  and 
seventeen  stars,  making  an  average  of  nearly  four  to  each 
star,  although,  as  remarked  above,  there  are  many  among 
them  of  which  there  was  but  one  comparison  each.  Fifty- 
one  of  the  Chandler  stars  were  in  the  Second  Catalogue, 
and  were  observed  with  the  purpose  of  establishing  a  rela- 
tion between  my  absorption  step-values  and  Chandler's 
decimal  scale,  to  which  scale  I  proposed  to  reduce  my 
results.  From  the  observations  of  these  Chandler  stars 
fourteen  normals  were  formed,  which  are  shown  in  the 
following  table.  The  0  and  10  points  are  assumed  to  co- 
incide. Unfortunately,  nearly  all  Chandler's  values  up 
to  1.0,  as  also  the  group  of  4's,  which  proved  entirely  dis- 
cordant, were  eye-estimates,  stated  only  to  the  unit,  and 
had  of  necessity  to  be  disregarded  in  drawing  the  curve  of 
the  relation  of  my  absorption  step-values  to  the  decimal 
scale.  The  normals  formed  from  these  values  are  bracketed 
in  the  table.  The  column  C  contains  the  values  on  the 
Chandler  scale,  I)  my  absorption  step-values,  »•  the  prob- 
able error  of  each  mean  in  the  column  D,  ir  the  number  of 
stars  constituting  each  mean,  and  </  its  departure  from  the 
curve  as  drawn. 
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D 
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(0 

0.14 
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-0.11) 

(1 

1.18 

o 

+   .33) 

1.25 

2.72 

0.3 
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-1.30 

2.04 

2.48 

0.3 
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-0.14 

2.65 

O  -.-J 

2 

+  0.05 

3.36 

3.06 

0.6 

5 

-0.13 

(4 

2.48 

5 

-1.S3) 

5.04 

3.85 

0.2 

3 

-0.27 

5.9 

3.80 

0.7 

3 

+  0.75 

C.47 

4.25 

0.4 

3 

+  0.38 

7.1.-. 

5.52 

2 

-0.60 

S.97 

7.73 

0.2 

3 

-0.20 

9.1 

7.6 

2 

0.00 

9.4 

8.47 

2 

-0.10 

(09) 
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The  curve  drawn  from  these  normals  is  rather  interest- 
ing, its  curvature  being  reversed  at  about  4  of  my  absorp- 
tion-scale, and  showing  that  my  screen  absorbed  rather 
less  of  the  yellow  rays,  and  more  of  the  red,  than  did 
Chandler's. 

I  had  hoped  to  have  been  able  to  show  an  approximate 
relation  between  the  decimal  color-scale  and  that  of  Muel- 
ler and  Kempf  used  in  the  Potsdam  Photometric  Cata- 
logue, but  owing  to  their  exclusion  of  known  variables 
from  their  work  only  a  single  star  was  found  common  to 
all  three  lists,  and  the  idea  had  to  be  given  up. 

The  scaj^e  used  in  the  reductions  is  shown  in  the  fol- 
lowing table.  The  column  Y  contains  my  absorption 
step-values,  which  correspond  to  tlie  values  on  Chand- 
ler's decimal  scale  shown  in  the  column  C,  according  to 
the  curve  drawn  from  the  means  shown  in  the  former 
table  : 


J  0  U  K  N  A  L 

N 

Y 

C 

T 

C 

Y 

C 

0.0 

0.0       1 

3.5 

4.15 

7.0 

8.77 

o.."> 

0.30     1 

3.75 

5.00 

7.5 

9.05 

1.0 

0.70 

4.0 

5.76 

8.0 

9.30 

l.r) 

I.IL' 

4.5 

6.62 

8.5 

9.51 

•j.o 

l.OO 

5.0 

7  27 

9.0 

9.73 

-.~> 

•i.20 

5.5 

7.75 

11.5 

9.88 

.■j.o 

3.00 

6.0 

8.15 

10.(1 

10.00 

3.L'5 

3.58     1 

6.5 

8.50 
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The  subjoined  table  contains  a  list  of  the  stars,  with 
their  colors  expressed  in  the  above  scale.  The  first  and 
second  columns  give  the  numbers  and  names  of  the  stars, 
the  third,  Y,  their  colors,  as  deduced  from  mj'  observa- 
tions ;  the  fourth,  r,  the  probable  error  of  each  of  my  values 
which  depends  on  three  or  more  observations ;  the  fifth, 
Obs.,  the  number  of  comparisons  from  which  each  of  my 
color-values  was  deduced ;  and  the  sixth,  C,  and  seventh, 
Obs.,  the  corresponding  colors  and  numbers,  from  Chand- 
ler's paper,  first  above  referred  to. 
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Obs. 
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r 
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C 

Dbs 

103 

T  Andromedae 

5.2 

0.9 

4 

4847      S  Virginis 

2.0 

0.7 

9 

2.6 

17 

107 

T  Cassiopeae 

6.8 

0.3 

(! 

7.3 

6 

4940    W  Hydrae 

8.7 

0.3 

5 

7 

112 

R  Andromedae 

1.1 

1 

5.0 

12 

(5159)  -  Bootis 

7.3 

1 

243 

U  Cassiopeae 

1.8 

1.2 

3 

6 

5174  RS  Virginis 

0.3 

- 

432 

S  Cassiopeae 

5.9 

0.5 

5 

6.7 

'3 

5190     R  Camelopardalis 

3.0 

1 

2.1 

6 

678 

U  Persei 

5.2 

0.7 

5 

5438     Y  Librae 

1.6 

1 

782 

R  Arietis 

0.0 

1 

1.8 

1 

5504      S  Coronae 

5.5 

0.8 

3 

4.9 

3 

793 

T  Persei 

7.3 

1 

4 

5675     V  Coronae 

5.8 

1 

5.9 

11 

806 

0  Ceti 

1.6 

1 

5.9 

14 

5758     X  Herculis 

3.3 

0.4 

12 

7 

906 

R  Trianguli 

3.9 

0.4 

11 

5889     U  Herculis 

7.9 

2 

6.5 

4 

980 

V  Persei 
a  Tauri 

4.9 

8.2 

0.6 

8 
1 

6062  RR  Scorpii 
6225  RS  Herculis 

1.2 
5.8 

1 

1279 

U  Camelopardalis 

8.4 

0.5 

3 

6368     X  Sagittarii 

1.2 

O.i 

3 

1 

1623 

T  Camelopardalis 

3.4 

0.9 

6 

6472    W  Sagittarii 

0.6 

0.1 

7 

1 

1717 

V  Tauri 

7.7 

2 

3.3 

9 

6512     T  Herculis 

2.3 

0 

1.4 

12 

1771 

R  Leporis 

9.5 

b.i 

4 

9.4 

13 

6549    W  Lyrae 

1.6 

1 

1805 

V  Orionis 

3.6 

o 

6573     Y  Sagittarii 

0.0 

0.0 

3 

"0  ' 

19S1 

S  Camelopardalis 

8.0 

0.3 

S 

6633     V  Sagittarii 

0  0 

0 

0.6 

7 

2013 

U  Aurigae 

8.0 

0.1 

9 

6636     U  Sagittarii 

4.6 

0.3 

12 

.3.7 

4 

2098 

a  Orionis 

9.3 

1 

6653     T  Lyrae 

8.9 

1.3 

4 

2100 

U  Orionis 

6.4 

0.6 

3 

7 

6682     X  Ophiuchi 

1.6 

1 

2509 

^  Geminorum 

0.0 

1 

(6716)    —  Lyrae 

7.3 

i.3 

3 

2528 

R  Geminorum 

5.8 

0.7 

6 

5.7 

5 

6733     R  Scuti 

3.7 

0.6 

9 

4 

2539 

E  Canis  minoris 

0.0 

1 

5.5 

13 

6749      S  Souti 

7.4 

1.0 

3 

(2574) 

—  Geminorum 

0.3 

1 

6758      /3  Lyrae 

0.6 

0.3 

5 

1 

2676 

U  Monocerotis 

1.0 

0.4 

6 

3 

6794     R  Lyrae 

1.6 

0.1 

13 

4 

2857 

U  Puppis 

4.9 

1.1 

3 

3.2 

4 

6834     V  Aquilae 

7.1 

0.5 

11 

3170 

S  Hydrae 

4.1 

o 

2.1 

12 

6849     R  Aquilae 

3.0 

1 

5.5 

8 

3186 

T  Cancvi 

8.2 

2 

7.4 

17 

6905     R  Sagittarii 

1.8 

0 

3.6 

3 

3493 

R  Leonis 

7.6 

'o.i 

7 

6.9 

18 

6943      T  Sagittae 

6.6 

1 

3825 

R  Ursae  Majoris 

3.7 

•7 

1.6 

13 

6984     U  Aquilae 

0.0 

1 

b 

3881 

V  Hydrae 

9.2 

o.i 

8 

9 

7085  RT  Cygui 

4.7 

1.2 

4 

3890 

W  Leonis 

1.1 

1 

7118     X  Aquilae 

3.1 

0 

3934 

R  Crateris 

8.7 

o 

s.i 

13 

7124      1)  Aquilae 

0.7 

1 

0 

4300 

X  Virginis 

5.8 

1 

7149      S  Sagittae 

0.6 

0.1 

4 

0 

4511 

T  Ursae  Majoris 

3.3 

b.s 

5 

2.0 

18 

7192      Z  Cygni 

8  1 

1.0 

5 

7 

4521 

R  Virginis 

0.7 

1 

1.3 

11 

7247  RX  Cygni 

0.0 

2 

4557 

S  Ursae  Majoris 

3.1 

i.i 

6 

3.2 

19 

7257     R  Sagittae 

0.5 

2 

b.8 

11 

4816 

V  Virginis 

4.9 

1.1 

3 

2.7 

7 

7259  RS  Cygni 

10.2 

"0.1 

00 

7 

4826 

R  Hydrae 

7.3 

1 

5.9 

6 

7261     R  Delphini 

0.7 

1 

4.0 

'  3 
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Y 

r 

Obs. 

C 

Obs. 

Y 

r 

Obs. 

C 

Obs. 

7299     U  Cygni 

8.4 

0.4 

3 

9.3 

15 

8153 

R  Lacertae 

0.0 

1 

1.8 

8 

7428     V  Cygni 

9.0 

1 

8.3 

10 

8230 

S  Aquarii 

0.0 

1 

4.0 

1 

7437     X  Cygni 

0.3 

2 

0 

8324 

V  Cassiopeae 

1.8 

0.6 

4 

2 

7450     V  Aquarii 

0.2 

o 

8.373 

S  Pegasi 

3.0 

2 

1.7 

13 

7456  RR  Cj-gni 

6.0 

0.6 

3 

6 

8591 

V  Cephei 

1.1 

0.3 

5 

7459     T  Cygni 

1.3 

0.1 

7 

1 

Espin-Bir.  673(') 

7.0 

0.5 

7 

7483     T  Vulpeculae 

0.0 

1 

0 

Birm.  658 

9.0 

2 

7560     R  Vulpeculae 

8.4 

1 

2.0 

7 

Hirm.  558 

1.6 

1 

7754    W  Cygni 

4.1 

0..5 

IL' 

5 

Bii-m.  475 

6.6 

2 

7779      S  Cephei 

9.0 

1 

9.1 

16 

DM.  +38°2412 

5.8 

1 

7783  RXT  Cygui 

6.2 

0.5 

11 

DM.  +33°4056(-) 

1.6 

1 

7795  RV  Cygni 

9.7 

0.1 

18 

DM.  +17°1973(») 

7.3 

1 

7803      ,1. Cephei 

6.8 

0.2 

11 

S.DM.-23°2771(^)5.S 

'> 

8005      S  Draconis 

7.1 

0.3 

5 

S.DM.-22°1777 

0.7 

1 

8073       8  Cepliei 

1.5 

0.2 

8 

2 

S.DM.-22°]812 

0.0 

1 

8116    W  Cephei 

3.4 

0.5 

10 

S.DM.-22°1865 

3.9 

0.4 

4 

(1)  The  Espin-Birminghain  and  Birmingham  stars  are  among  those  that  have  at  one  time  or  another  been  on  my  list  for  suspected 
variability. 

(-)  DM. +33°40-56  is  my  comparison-star  c  for  TCi/yni,  which  I  at  one  time  suspected  of  variability. 

(8)  =  Potsdam  Photometric  DM,  Vol.  9,  1903.  R. 

(^)  The  Southern  DM.  numbers  are  those  of  some  of  the  stars  whose  variability  was  suspected  by  Thome,  in  the  course  of  his 
work  on  the  Cordoba  DM. 


Fifty-four  of  my  own  determinations  are  deduced  from 
three  or  more  observations  each.  Assembling  these,  the 
mean  error  of  a  single  observation  is  found  to  be  1.9. 

Comparing  my  own  determinations  with  Chandler's,  I 
find  twelve  stars  common  to  both  lists  of  which  I  have 
more  than  two  observations  each.  Their  differences  are 
tabulated  below,  where  the  column  Y  — C  contains  the  differ- 
ences between  the  respective  estimates  of  each  star.  Col. 
their  colors  by  my  observations,  r  the  probable  error  of  my 
determination  in  each  case,  and  Obs.  the  number  of  my 
observations  of  each  star. 
Col. 
2.0         4847  S  Virginis 

3.3  4511  T  Ursae  Maj. 
4.6         6636  U  Sagittarii 
4.9         4816  V  Virginis 
4.9         2857  IT  Puppis 

5.5  5504  S  Coronae 
5.8  107  T  Cassiopeae 

5.8  2528  R  Geminoruni 

5.9  432  S  Cassiopeae 

7.6  3493  R  Leonis 

8.4  7299  U  Cygni 

9.5  1771  R  Leporis 

The  correspondence  is  perhaps  as  satisfactory  as  was  to 
be  expected  from  the  limited  number  of  my  observations, 
though  the  differences  mostly  exceed  the  values  of  my 
computed  probable  errors.  It  will  be  noticed  that  both 
are  greatest  in  that  part  of  the  scale,  from  3.0  to  6.0, 
where  the  step  of  mj"^  absorption-scale  corresponds  to  the 
greatest  value  on  Chandler's  scale.  This  seems  to  indi- 
cate that  if  expressed  in  their  step-values,  these  probable 
errors  would  be  more  nearly  uniform,  and  that  their  some- 
what excessive  values  in  this  part  of  the  scale  are  depeu- 


Y— C 

r 

Obs 

-0.6 

0.7 

9 

+  1.3 

0.8 

5 

+  0.9 

0.3 

12 

+  2.2 

1.1 

3 

+  1.7 

1.1 

o 

+  0.6 

0.8 

3 

-1.5 

0.3 

6 

+  0.1 

0.7 

6 

-0.8 

0.5 

5 

+  0.7 

0.1 

7 

-0.9 

0.4 

3 

+  0.1 

0.1 

4 

dent  on  the  relation  between  my  absorption  step-values 
and  the  decimal  scale,  as  shown  in  the  second  table. 

An  examination  of  my  results  in  the  cases  of  fifty-three 
stars  available  for  the  purpose  is  fairly  confirmatory  of 
Chandler's  statement  of  the  relation  between  coloration 
and  length  of  period,  in  his  paper,  "On  the  General 
Relations  of  Variable  Star  Phenomena,"  published  in  this 
Journal,  Vol.  IX,  p.  1. 

I  have  divided  these  fifty-three  stars  into  three  classes, 
according  to  their  types  of  variation.  There  are  eight 
short-period  stars  of  the  -q  Aquilae  and  /3  Lt/rae  types, 
seven  which  may  be  called  "  intermediate,"  with  periods 
of  from  fort^'-six  to  one  hundred  and  sixty-five  days,  and 
thirty -eight  which  are  distinctly  of  the  long-period  type. 

The  eight  short-period  stars  are 


6573  Y  Saffittarii 
7437  A'  Cygni 
6472  W  Satjittarii 
6758   /3  Li/riie 


7149  5  Saglttae 
6368  A'  Sar/ittaril 
8073  8  Cej'fte! 
6636  U  Sa'jtttarli 


Of  these,  the  first  seven,  excluding  U  Sayittarii,  whose 
color  is  exceptional  and  anomalous  in  this  type,  show  a 
mean  period  of  8''. 3,  and  a  mean  coloration  of  0.8.  There 
is  no  suggestion  of  any  relation  between  color  and  length 
of  period  among  these  stars. 

The  seven  "  intermediate  "  stars,  arranged  in  the  order 
of  their  places  in  the  color  scale  are 

Color  Period 

R  Sagittae  70.6 

U  Monocerotls  46.1 

R  Li/rae  46.4 

A'  Hi-rciilis  93.5 

7.'  5.1/^1  71.1 

ir  Cii'iiil  131.5 

165  ? 


0.5 
1.0 
1.6 
3.3 
3.7 
4.1 
6.0 


2676 
6794 
5758 
6733 
7754 
7456  RR  Ci/'iiii 
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These  stars,  belonging  neither  to  the  distinctly  long- 
period  or  short-period  types,  but  having  some  of  the 
characteristics  of  both,  show  a  marked  progression  in  the 
lengths  of  their  periods,  corresponding  to  that  in  their 
observed  colors.  Taken  by  themselves,  they  are  too  few 
for  their  evidence  to  be  decisive  as  to  the  reality  of  the 


connection  between  the  two,  but  considered  side  by  side 
with  tlie  results  deduced  from  the  long-period  stars,  this 
progression  is  at  least  interesting. 

The  thirty-eight  long-period  stars,  together  with  five 
irregular  stars,  in  the  order  of  their  pLices  in  the  color- 
scale,  with  their  periods,  are  as  follows  : 


Col. 

C)l)s. 

Per. 

0.2 

7450 

V  Anuarii 

2 

240 

().;{ 

5174  RS  Virginis 

2 

355 

1.1 

8591 

V  Cephei 

5 

360 

1.2    ^ 

G0C2 

ER  Scorpii 

2 

282 

1.8 

243 

U  Cassiopeae 

3 

276 

1.8 

8324 

V  Cassiopeae 

4 

231.5 

2.0 

4847 

S  Virginis 

9 

376.9 

2.3 

G512 

T  Herculis 

2 

165 

3.0 

8373 

S  Fegasi 

2 

317.5 

3.1 

4.557 

S  Ursae  Majoris 

6 

226.5 

3.1 

7118 

X  Aquilae 

2 

348 

3.3 

4511 

T  Ursae  Majoris 

5 

257.2 

3.4 

1623 

T  Camelopardalis 

6 

370 

3.6 

1805 

V  Orionis 

2 

267 

3.7 

3825 

E  Ursae  Majoris 

2 

302.1 

3.9 

906 

E  Triauguli 

11 

268 

4.1 

3170 

S  Hydrae 

o 

25() 

4.7 

7085 

RT  Cygni 

4 

190.5 

4.9 

2857 

U  Puppis 

3 

315 

4.9 

4816 

V  Virginis 

3 

250.5 

5.2 

103 

T  Andromedae 

4 

265.4 

5.2 

678 

U  Persei 

5 

318 

Assembliu 

g  the 

38  in  the  order  of  their  observed  colors, 

in  groups  of  uuits, 

0-1 ,  1-2,  and  so  oi 

,  and  for 

ming  means 

of   the   color-estimates    and    periods 

of   each 

group,    we 

have 

Meaxs. 

Color      Periods     Stars        Color 

Periods 

Stars 

0.3 

298         2      1      5.5 

392 

5 

1.5 

294         4      i      6.4 

408 

3 

2.5 

338         2      :      7.7 

305 

3 

3.5 

286         S      1      8.2 

361 

5 

4.7 

248         4      1      9.7 

427 

o 

Col. 

Obs. 

Per. 

5.5 

5504 

S  Coronae 

3 

361.2 

5.8 

2528 

R  Geminorum 

6 

370.2 

5.9 

432 

S  Cassiopeae 

5 

610.5 

6.2 

7783 

RU  Cygni 

11 

396 

6.4 

2100 

U  Orionis 

3 

375 

6.8 

107 

T  Cassiopeae 

6 

445 

6.8 

7803 

fi.  Cephei 

11 

irreg. 

7.1 

6834 

V  Aquilae 

11 

irreg. 

7.6 

3493 

R  Leonis 

7 

312.8 

7.7  : 

1717 

V  Tauri 

2 

170 

7.9 

5889 

U  Herculis 

O 

411.1 

8.0 

1981 

S  Camelopardalis 

8 

328 

8.0 

2013 

U  Aurigae 

9 

405.5 

8.1 

7192 

Z  Cygni 

5 

265 

8.2 

3186 

T  Caucri 

2 

482 

8.4 

1279 

U  Camelopardalis 

3 

irreg. 

8.7 

4940 

"\V  Hydrae 

5 

384 

9.2 

3881 

V  Hydrae 

8  Ion 

g  or  ir. 

9.5 

1771 

R  Leporis 

4 

436.1 

9.7 

7795  RV  Cygni 

18 

425 

10.2 

7259 

RS  Cygni 

Of) 

irreg. 

The  correspondence  shown  here  between  depth  of  color 
and  length  of  period  is  so  marked  as  to  point  strongly  to 
some  real  connection  between  the  two,  especially  when 
taken  in  comparison  with  Chaxdler's  table  on  p.  2  of  his 
paper  last  above  referred  to,  and  is  strongly  confirmatory 
of  his  summing  up  in  the  former  one  {A.J.,  VIII,  p.  140), 
"  The  redder  the  tint,  the  longer  the  period."  It  is  worthy 
of  notice  also,  that  from  6.8  of  the  color-scale  upward,  the 
stars  of  irregidar  variation  become  relatively  numerous, 
the  reddest  star  on  my  list,  7259  BS  Cyjni,  being  of  this 
tj'pe  of  variation. 


Dorchester,  1904  ilmj  23. 


DECLmATIONS   OF   CERTAI^^   CIRCUMPOLAR   STARS, 

By  HARRIET  W.  BIGELOW. 


Observations  of  the  stars  whose  declinations  are  here 
given  were  requested  by  Dr.  Auwers  in  A.N.  3440.  Both 
right-ascensions  and  declinations  of  these  stars  were  ob- 
served by  me  during  1901-1903  with  the  Walker  Meridian 
Circle  of  the  Detroit  Observatory.  The  right-ascensions 
have  not  yet  been  reduced. 

A  short  description  of  the  instrument,  which  was  built 


by  Pistor  and  Martins,  in  1854,  may  be  found  in  A.J.  518. 
The  circle  seems  to  be  divided  quite  accurately.  In  each 
microscope  there  are  now  two  pairs  of  threads  placed  one- 
and-a-half  revolutions  apart  for  the  purpose  of  eliminating 
periodic  error.  The  magnifying  power  is  about  16.  Set- 
tings were  made  with  the  tangent  screw,  as  there  is  nO' 
zenith-distance  micrometer. 
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An  observation  of  a  star  usually  consisted  of  three  set- 
tings, symmetrical  with  reference  to  meridian  transit. 
The  plan  was  to  obtain  for  each  star,  both  at  upper  and 
lower  culmination,  two  observations  in  each  of  the  four 
following  positions:  —  clamp  west,  direct;  clamp  west, 
reflected  ;  clamp  east,  direct ;  clamp  east,  reflected.  The 
complete  carrying  out  of  the  plan  was  in  part  prevented 
by  the  difficulty  in  obtaining  reflected  observations  of  the 
fainter  stars.  One,  Camelopardalis  s  664,  was  at  first  acci- 
dentally omitted.  Each  night's  observing  list  included 
one  or  more  of  the  fundamental  circumpolar  stars  of  the 
Berliner  Jahrbui'h.  Observations  for  nadir  were  taken 
about  every  three  hours. 

The  large  coefficient  of  cosine  flexure  (1".694)  is  well 
determined.  It  was  obtained  by  comparing  the  corres- 
ponding observations  for  clamp  west  and  clamp  east.  The 
sine  flexure  is  apparently  small  (0".117).  In  the  case  of 
clamp  west  the  circle  readings  increase  from  the  zenith 
toward  the  north  and  the  formula  for  flexure  correction 
would  be 

^  =  z  H-()".162  -1".694  cos;:  -fO".117  s'm  z 

Two  tables  of  the  declinations  are  given,  the  differential 
and  the  absolute  places.  In  the  first  case  the  differential 
flexure  corrections  were  applied.  In  the  second  table  the 
observed  declinatious  are  given  without  being  corrected  in 
the  separate  positions  for  flexure.     The  latitude  employed 


is  that  obtained  from  the  twenty-six  stars  that  were  ob- 
served in  all  eight  positions.  From  the  nine  zero  stars 
was  found,  42°  16'  48".81  :  from  the  seventeen  others, 
48".74.  (See  also  A.J.  518.)  The  value  from  the  zero-stars 
was  weighted  one-half,  giving  for  the  latitude :  — 

42°  16'  48".76 

For  the  stars  not  observed  in  all  eight  positions  the 
places  were  corrected  for  flexure  and  combined  with  arbi- 
trary weights  as  follows :  — 

Cephei  147  Hs.  ^(W.D.+2  W.E.  +  E.D.)  for  declination 
above  pole,  combined  with  equal  weight  with  position 
below  pole. 

Ce2>hei  149  Hs.  \(2  W.D.  +  W.R.  +  E.E.)  for  declination 
above  pole,  and  then  treated  like  preceding  star. 

Ciimeloj).  s  664.     Mean  of  four  positions  above  pole. 

Urs.  mill.  33  Hs.  i(W.D.  +  E.D.)  for  position  below  pole, 
combined  with  half  weight  with  observations  above  pole. 

£  Urs.  mill.  W.D.  below  pole  combined  with  J  weight 
with  the  mean  of  the  remaining  observations. 

Cephei  Br.  256  taken  by  itself  gives  the  latitude  49".35. 

There  seems,  however,  no  good  reason  for  rejecting  any 
of  the  observations. 


I.     Declinatioxs  for  1900.0  from  Comparison  with  Zero  Stars. 


I 

Above 

Pole 

Below  Pole 

Xaiue  of  Star 

Mag. 

R.A. 

1 

8 

W.D. 

W.R. 

E.D. 

E.R. 

W.D. 

W.K. 

E.D. 

E.R. 

Mean 

Cephei  Br.  256 
Cephei  147  lis. 
Cephei  14',l  Hs. 

6.9 

h 

2 

1  25 

83° 

5 

29.21 

29^94 

29*01 

30.32 

31.44 

30'34 

30*98 

30^51 

30*22 

5.9 

3 

8  35 

84 

33 

26.91 

26.67 

26.51 

26.34 

26.08 

27.05 

26.55 

26.59 

5.9 

3 

33  55 

86 

19 

56.82 

56.40 

56.84 

56.37 

57.06 

57.48 

57.04 

56.86 

Cephei  157  Hs. 
Cephei  158  Hs. 

6.3 

4 

56   18 

85 

49 

46.98 

46.40 

46.31 

46.01 

46.20 

46.21 

46.92 

46.83 

46.48 

6.3 

5 

29  55 

85 

8 

50.85 

49.67 

50.51 

49.91 

50.00 

50.47 

50.54 

49.59 

50.19 

Cephei  109  Hs. 
Urs.  min.  4  B. 

6.2 

7 

53  2 

84 

20 

49.92 

48.78 

49.61 

50.47 

49.78 

50.04 

49.46 

48.47 

49.57 

7.2 

7 

58  3 

88 

55 

59.29 

59.60 

59.07 

60.01 

58.92 

58.61 

58.81 

58.57 

59.11 

Cephei  121  Hs. 
Camelop.  s  6G4 
Urs.  min.  3  Hs. 

6.3 

8 

54  32 

84 

34 

.58.14 

59.24 

58.06 

58.84 

59.21 

58.15 

58.31 

57.22 

58.40 

7.4 

11 

2  30 

86 

10 

58.33 

58.09 

57.78 

57.79 

58.00 

6.2 

12 

14  23 

88 

15 

16.00 

15.57 

14.93 

14.93 

13.90 

14.15 

14.89 

14.42 

14.85 

32  H.  Camelop.  pr. 
32  H.  Camelop.  seq. 

6.3 

12 

48  16 

83 

57 

41.45 

41.27 

40.72 

41.67 

41.44 

41.58 

41.48 

40.60 

41.28 

5.5 

12 

48  23. 

83 

57 

22.84 

23.43 

22.66 

23.70 

23.94 

24.44 

24.38 

23.31 

23.59 

Cephei  135  Hs. 
Urs.  min.  57  B. 

6.1 

13 

45  10 

83 

15 

14.90 

15.34 

14.79 

14.85 

16.26 

14.72 

15.67 

14.63 

15.14 

7.1 

15 

9  21 

87 

37 

3.78 

3.45 

4.41 

4.92 

3.37 

3.57 

3.94 

3.41 

3.86 

Urs.  min.  33  Hs. 

7.5 

15 

53  47 

S3 

14 

57.94 

58.08 

57.94 

58.37 

58.24 

57.31 

57.98 

Cephei  3  Hs. 
Cephei  Gr.  3548 
32  H.  Cephei 
36  H.  Cephei 

7.0 

20 

13  59 

84 

oo 

38.00 

38.38 

38.32 

30.21 

38.53 

37.64 

37.93 

37.83 

38.23 

7.3 

21 

19  35 

86 

37 

24.01 

23.68 

24.19 

24.81 

24.90 

23.17 

24.76 

24.78 

24.28 

5.3 

oo 

21  IS 

85 

36 

16.54 

17.28 

1 7.04 

18.10 

17.91 

17.30 

17.22 

17.14 

17.32 

5.7 

22 

55  13 

83 

48 

39.73 

40.25 

39.80 

41.34 

40.70 

39.40 

40.12 

39.62 

40.12 

39  H.  Cephei 

5.9 

23 

27  49 

86 

45 

21.44 

20.83 

20.54 

21.69 

20.58 

21.50 

20.67 

20.65 

20.99 

Cenhei  125  Hs. 

1 

6.3 

23 

51  46 

82 

38 

4.32 

3.42 

3.70 

3.97 

5.15 

2.78 

3.72 

3.96 

3.88 
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II. 

Absolute  Declinations 

FOR  1900.0. 

Above 

Pole 

Below 

Pole 

Name  of  Star 

8 

W.D. 

W.R. 

E.D. 

E.R. 

W.D. 

W.R. 

E.D. 

E.R. 

Mean 

Obs.    8 

Obs.     8 

Obs.    8 

Obs.    8 

Obs.    8 

Obs.     8 

Obs.     8 

Obs.    8 

JfS  11.  Cephei 

85° 

43' 

1 

17.68 

0 

15.22 

1  10^97 

3  14*37 

2 

12.82 

2   14.16 

3  16^59 

2  14*57 

1 4'55 

Polaris 

88 

46 

8 

29.;54 

5 

26.11 

5  24.35 

3  26.48 

9 

24.28 

5  27.21 

8  29.18 

7  26.15 

26.64 

Cephei  Br.  256 

83 

5 

3 

32.42 

5 

29.82 

2  26.87 

3  30.30 

2 

29.66 

2  31.02 

3  33.05 

2  30.41 

30.44 

Cepliei  147  Hs. 

84 

33 

2 

29.59 

1 

27.08 

3  24.10 

2 

24.34 

3  26.03 

3  29.55 

4  26.03 

[26.87] 

Cephei  149  Hs. 

86 

19 

0 

59.51 

2 

55.96 

2  56.91 

3 

53.92 

2  57.65 

3  60.76 

2  56.23 

[56.87] 

Or.  750 

85 

17 

2 

31.78 

4 

28.27 

3  26.12 

1  29.03 

4 

26.00 

4  28.43 

4  31.75 

4  27.82 

28.72 

Cephei  157  Hs. 

85 

49 

0 

49.48 

2 

45.74 

3  43.40 

2  45.98 

3 

43.88 

3  46.61 

2  49.08 

2  46.56 

46.34 

Cephei  158  Hs. 

85 

8 

3 

52.73 

2 

48.75 

2  47.40 

4  50.39 

3 

47.36 

2  50.76 

2  52.96 

2  48.97 

49.92 

51  //.  Ce]!h.ei 

87 

12 

2 

23.64 

1 

19.82 

3  17.24 

6  21.42 

3 

18.32 

3  20.40 

2  23.32 

2  20.42 

20.57 

Cephei  109  Hs. 

84 

20 

2 

53.02 

2 

48.33 

2  46.88 

2  50.95 

2 

47.45 

4  50.03 

2  52.48 

1  48.90 

49.76 

Urs.  mill.  4  B. 

88 

55 

2 

62.28 

2 

58.90 

5  56.36 

2  59.82 

3 

56.36 

2  60.31 

1  61.61 

2  58.70 

59.29 

Cephei  121  Hs. 

84 

34 

2 

61.38 

3 

58.55 

3  -55.10 

3  59.40 

3 

56.01 

4  58.43 

4  60.11 

1  57.65 

58.33 

1  H.  Draconis 

81 

46 

1 

9.88 

2 

6.89 

2     3.98 

5     7.18 

0 

4.81 

2     6.79 

2     9.92 

1     6.36 

6.98 

80  H.  Camelojy. 

83 

3 

2 

64.86 

3 

02.20 

2  59.99 

2  62.80 

2 

61.36 

3  63.09 

3  65.13 

2  62.96 

62.80 

Camelop.  s  664 

86 

10 

2 

60.04 

2 

58.32 

2  54.66 

3  58.09 

[57.78] 

Urs.  min.  3  Hs. 

88 

15 

3 

18.26 

2 

14.66 

4  11.91 

3  15.49 

3 

11.31 

2  14.77 

3  17.62 

6  13.86 

14.74 

32  H.  Camel,  pr. 

83 

57 

3 

43.53 

2 

40.82 

3  38.06 

3  41.97 

2 

38.20 

2  41.75 

2  43.42 

2  40.52 

41.03 

32  H.  Camel,  seq. 

83 

57 

3 

25.07 

0 

22.54 

3  20.31 

4  24.03 

3 

20.78 

2  24.76 

1  26.20 

1  22.81 

23.31 

Cepliei  ]  35  Hs. 

83 

15 

3 

17.56 

2 

14.96 

3  12.30 

2  15.18 

3 

12.86 

3  15.07 

4  17.31 

1  14.70 

14.99 

Urs.  min.  57  B. 

87 

37 

3 

5.97 

2 

2.75 

3     0.73 

2     4.60 

3 

0.67 

4     4.17 

2     5.49 

1     3.55 

3.49 

Urs.  min.  33  Hs. 

83 

14 

2 

60.43 

2 

57.48 

3  54.17 

4  58.50 

2 

55.68 

3  59.68 

[57.62] 

£  Urs.  min. 

82 

12 

2 

9.66 

2 

7.89 

2     3.86 

3     8.05 

2 

6.06 

[  7.63] 

8  Urs.  min. 

86 

36 

4 

50.76 

2 

47.63 

3  44.87 

2  48.35 

1 

46.68 

2 '48. 73 

4  50.27 

3  47.36 

48.08 

X  Urs.  min. 

88 

59 

4 

19.11 

3 

16.45 

2  12.78 

1  16.02 

5 

13.02 

1  16.30 

4  18.44 

4  15.73 

15.98 

Cephei  3  Hs. 

84 

22 

2 

40.78 

3 

38.09 

2  35.02 

1  38.53 

2 

35.80 

2  37.91 

2  40.67 

2  37.42 

38.10 

76  Draconis 

82 

9 

3 

42.54 

2 

39.87 

2  36.87 

2  41.99 

2 

37.93 

2  40.23 

2  42.91 

2  40.53 

40.36 

Cephei  Gr.  3548 

86 

37 

2 

27.92 

0 

24.47 

3  21.80 

3  24.98 

0 

22.02 

2  24.21 

3  27.53 

3  24.20 

24.64 

32  H.  Cephei 

85 

36 

2 

19.07 

2 

17.43 

3  13.94 

2  18.27 

3 

il99 

2  17.38 

3  19.89 

3  16.72 

17.29 

36  H.  Cephei 

83 

48 

2 

42.45 

5 

40.30 

2  37.40 

4  40.72 

3 

37.57 

2  40.49 

3  41.92 

2  39.41 

40.04 

39  H.  Cephei 

86 

45 

3 

24.15 

3 

21.04 

2  18.21 

5  21.68 

3 

18.15 

2  21.55 

3  23.30 

4  20.86 

21.12 

Cephei  125  Hs. 

82 

38 

3 

6.83 

3 

3.41 

4     1.19 

3     4.92 

3 

2.72 

3     3.94 

5     6.21 

2     3.15 

4.05 

University  0/  Micliiynn,  Ann  Arbor,  1904  Hay  12. 


THE    SECULAE    PERTURBATIONS     OF     THE    EARTH  ARISING    FROM     THE 

ACTION   OF    SATURX. 


By  eric   DOOLITTLE. 


The  elements  which  were  used  in  the  following  compu- 
tation are  from  Dr.  G.  W.  Hill's  "New  Theort/  of  Jupiter 
and  Saturn,"  pages  192,  554,  19  and  558: 


Earth. 


,r  =  100  21  39.73 
i  =      0     0     0.00 


e  =  0.01677114 
n  =  129  5977".416 
logo.  =  0.000  0000 
m,  =  14-327  000 


Saturn. 

=  90°  6  41.37 
=  2  29  40.19 
=  112  20  49.05 
=  0.05606025 
=  43996".21506 
=  0.9794956 
=  1-^3501.6 


The  preliminary  constants  were  found  to  have  the  fol- 
lowing values : 


I  =  2  29  40.19 
/I  =  348  0  50.68 
77'  =  337  45  52.32 
K=  10  13  49.89 
K'=     10  16     6.88 


log  /;  =  p9.999  9411 
log  k'  =  ^y9.999  6473 
C  =  +0.28595730 


The  orbit  of  the  Earth  was  divided  into  twelve  parts 
with  regard  to  the  eccentric  anomaly.  As  in  previous 
cases,  the  approximate  test  formed  by  comparing  the  sums 
of  the  functions  corresponding,  respectively,  to  the  odd 
and  even  points  of  division  was  not  satisfied  in  regard  to 
e,  nor  with  the  functions  immediately  dependent  upon 
this  angle ;  with  iV,  P,  V,  i?,, ,  and  the  remaining  functions 
it  was,  however,  satisfied  very  exactly. 
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The  work  was  carried  twice  through  from  the  beginning 
at  different  times,  and  all  known  test  equations  were  ap- 
plied. Since  the  approximation  to  the  roots,  G'  and  G", 
is  slow  in  this  case,  these  quantities  were  found  by  the 
method  described  in  A.J.,  No.  386,  and  their  values  verified 
by  the  formulas  of  Dr.  Hill's  second  method.  The  compu- 
tation of  the  modulus,  (sin  6),  was   duplicated,  and  also 

tested  by  the  equation,  tan-6  =  — — — - ,  since  the  approx- 
imate test,  referred  to  above,  fails  with  this  angle. 

The  equation,  sin  qp  .  ^  ^4[''  +  cos  (f  .  B^'^  =  0,  was 
found  to  give  the  residual,  +0.000  000  000  000  28. 

If  mJ  is  left  indefinite,  the  resulting  values  of  the  differ- 
ential coefficients  are  the  following: 


r-i= 


L  '^*  Joo 


1.516  3927 


dt  Joo 
d£\  ^ 
rfi  Joo 

dt  Joo 
f/Z,"j   _ 

<^*  Joo 


655.70924 


-     18.991017 


-     46.179399 


=    -1514.4911 


log  coeff. 
mO.  180  8117 

7^2.816  7113 

rtl. 278  5482 

wl.664  44825 

n3.180  2667 


If  we  adopt  the  value  of  m'  given  above,  m'  =  1  -4-  3501.6, 

we  obtain : 


\rdt\ 

r^"l  =    -0.01318808  6 

f 


0.000  433  05713 
+  0.187  25991 
005  42352  59 


c/<  Joi 

dir\  _ 

rf«  Joo 


-0.432  51400 


The  results  obtained  by  LeVerrier  are  given  in  the 
Annales  de  I'Observatoire  de  Paris,  Tome  II,  page  59,  and 
Tome  IV,  pages  11  and  12;  those  of  Newcomb  are  given 
in   "The   Secular  Variations   of  the   Four  Inner  Planets," 

pages  336  and  377  ;  the  values  of    ^  land    -Jj-  lobtained 

by  Dr.  Hill  are  given  in  the  "Xew  Theory,"  pages  511 
and  512.  If  all  these  results  are  reduced  to  the  above 
value  of  m',  they  will  compare  with  those  here  obtained  as 
follows : 


LeVekkiek 

Newlo.mb 

UILL 

Method  of  Gauss 

'  de~ 

-0.000  44 

_  at  Joo 

-0.000  43 

-0.000  43306 

e  ^            +0.00315 
dt    oo 

+  0.00314 

+  0.00314056 

'^1          -0.005  42 
dt   00 

-0.005  42 

-0.005  4237 

-0.005  423  526 

"^1          -0.01317 
dt    00 

-0.01318 

-0.013  1883 

-0.013188  086 

-— -             —OAoJi) 

_  df  Joo 

-0.432  514  00 

The  Flower  Obstrvatory,  1004  May  2S. 

PROVISIONAL   ELEMENTS   OF   THE   MIXOK    PLANKT   UUU  XT, 

By  J.  C.  HAMMOXD. 
[Communicatcil  by  Rear-Ailmiral  C.  M.  Chesteh,  U.S.X.,  Supcriiiteniient.] 


1904  May  8.0  Berlin  Mean  Time. 

M=     18°  36  30^6 

TT  =   182  28  38.4 )  .,        „       ,  ,  ^     ■ 

r,        iiic  1A  -o  i>  I  JJciiu  Equator  and  Equinox 
Si  =   lO.S  10  ;)8.9  ^  i    .,  ^,  „         1 

(•  =  16  22  37.0  \  ^'"^"*" 

<T  =  10     5  24.3 

fi  =  767".950 

I  log  .1  =  0.443116 

This  planet  is  still  being  observed  at  the  U.S.  Naval  Observatory.     By  means  of  these  observations  and  others 
made  elsewhere,  the  above  elements  will  be  corrected. 


This  planet  was  discovered  by  Wolf  at  Heidelberg,  on 
April  20,  1904. 

By  means  of  observations  made  by  Dr.  Luther,  at  D(ls- 
seldorf,  on  April  23  and  May  7,  and  one  by  myself,  at 
-Washington,  on  May  23,  I  have  computed  the  following 
provisional  elements : 


!()() 
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PHOTOGRAPHIC  POSITIONS  OF  MINOR  PLANETS, 

OnSKIiVEP    WITH    THE   6-IXClI    STAK   CAMEKA    AT   THE    U.S.    XAVAL   OBSERVATOKV, 

I5y  G.  II.  I'ETEHS. 
[CoinniunioatiHi  by  Rear-Ailmiral  C.  SI.  Chesteis,  U.S.N".,  Supcrintemlent.] 


The  following  asteroids  were  found  on  pliotograjiliic 
])lates  exposed  for  this  purpose  by  myself,  and  were  in- 
tended to  be  observed  micronietrioally  with  the  eijuatorial 
instruments. 

Owing  to  cloudy  weather  and  other  circumstances,  this 
was  not  done  with  the  exception  of  1903  NT,  where  the 
short  period  of  observation  renders  the  photographic  position 


valuable.  The  identification  has  been  from  the  opposition 
positions  given  in  the  Berliner  Jultr/jiich,  and  in  some  cases 
the  coincidences  are  not  very  exact.  The  photographic 
positions  are  reduced  to  1903.0  from  measures  of  the  plates 
made  with  the  Stackpole  dividing  engine.  Several  asteroids 
were  sought  for  unsuccessfully,  and  a  list  of  these  is 
appended. 


Asteroid 

1903 

W.M.T. 

A  pp. 

a  1903.0 

App.  S  1903.0 

B.J.  Ma 

Riiperto  Carola  (353) 

Apr.  28 

12  22 

14 

29  IS 

-   7     8.3 

15 

lo  (85) 

]\ray    21 

11     7 

14 

56     5 

-   7  43.1 

10.8 

Liberatrix  (125) 

June  18 

10  45 

17 

21  42 

-14     3.1 

10.7 

Europa  (52) 

June  21 

9  5(1 

17 

32  23 

-15  51.1 

10.8 

[1896  C.I-\  (411) 

June  29 

12     0 

18 

28  15 

-14  38.5 

10.6 

Ale.randra  (54) 

Oct.    13 

12  26 

1 

2  57 

+  24  57.3 

10.6 

Aeqle  (96) 

Oct.    13 

12  26 

1 

0  40 

+  22  46.0 

11.9 

Feroiiia  (72) 

Oct.    19 

10  49 

1 

1  57 

+   7  22.1 

10.9 

[1903  NF-\ 

Dec.   11 

10  32 

5 

45  58 

+  9  37.5 

12 

Not  found:     AVa/o  (62),  May  28  ;    T/^/.s-Je  (88),  2  plates,       Nov.  12  ;  [1902  L/i]  (504),  Dec.  11 ;   Carma  (491)  Dec.  11 , 
Aug.  20  and  21,   (exposed   by  Mr.  W.   W.   Dinwiddie)  ;   !    and  Nenetta  (289),  Dec.  16.     (All  in  1903.) 
Orphelia  (171)    and   Goberta  (316),  2  plates,  Oct.  28    and 


EARLY  DOUBLE-STAR  MEASURES, 


Bv  ERIC  DOOLITTLE 
The  following  observations  were  made  by  Dr.  E.  Otis 
Kendall  with  the  6-inch  refractor  of  the  High  School 
Observatory  at  Philadelphia.  Each  angle  is  the  mean  of 
eight  measures,  which  are  remarkablj-  accordant,  and  each 
distance  is  the  mean  of  three  measures.  A  power  of 
'■about  200"  was  employed;  the  measures  were  made 
with  a  bright  field. 


1842.33     210.5     18.67     2n     Madler 
1846.23     208.9     18.39     In     Madler 


Fohu-is  =  ^93.     R.A.  =  P  13'"  42^ 
1844.545     207°.28     18".G86     In 

Neither  the  hour-angles  nor  the  instrumental  errors  are 
known ;  the  (usually  very  large)  corrections  for  these  errors 
and    for   refraction   cannot   therefore   be  applied.     Other 
measures  made  at  about  this  time  are, 
The  Floteer  Observatory,  1904  May  30. 


y  Virrjinis  =  ^1670.     R.A.  =  12"  35"'  36'. 
1844.548     ll°.ll     2".294     Iw 
There  is  but  one  other  measure  during  this  year, 
residuals,  (0  —  C),  from  Dr.  See's  orbit  are, 
+  r.51     +0".29 


The 


P  Scorpii  =  Sh.  217.  R.A.  =  15"  58-"  28'. 
1844.550  26°.28  13".905  In 
This  is  the  only  measure  between  1823  and  1868.  The 
principal  star  was  discovered  to  be  a  close  double  by 
BuRXHAM  in  1879.  The  three  stars  seem  to  be  relatively 
fixed,  but  they  have  a  common  proper  motion,  and  are 
hence  physically  connected. 


CONTENTS. 

Obsehvations  on  the  Color  of  Certain  Variable  Stars,  by  Paul  S.  Yendell. 

Declinations  of  Certain  Circumpolar  Stars,  bt  Harriet  W.  Bigelow. 

The  Secular  Perturbations  of  the  Earth  Arising  from  the  Action  of  Saturn,  by  Ekic  Doolittle. 

Provisional  Elements  of  the  Minor  Planet  1904  if  I",  by  J.  C.  Hammond. 

Photographic  Positions  of  Minor  Planets,  by  G.  H.  Peters. 

Early  Double-Stab  Measures,  by  Eric  Doolittle. 
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A.   METHOD    OF   DETERIMIXIXG    THE    DIRECTION    OF    THE    SUJS^'S    MOTIOX 

IX    SPACE, 

Ry  w.  t.  cakrigan. 

the  origin.     If  we  suppose  the  motion  of  the  point  to  take 
place  in  this  plane,  we  also  have 

(a  +  da)r+  {b+dh)s+  (c+dc)t  =  0 


Let  the  right-ascension  and  declination  of  any  point  on 
the  celestial  sphere  be  designated  by  «  and  8,  and  let  the 
right-ascension  and  declination  of  some  other  point  be  A 
;md  D.  Then,  by  the  ordinary  formula  of  spherical  trigo- 
nometry the  distance  £  between  these  two  points,  measured 
on  the  arc  of  a  great  circle,  will  be  given  by 


(1) 


cos  E  =  cos  I>  cos  8  cos  (A  —  «)  +  sin  V  sin  8 


If  the  point  («,  8)  move  in  right-ascension  by  the  amount 
da,  and  in  declination  by  the  amount  98,  so  that  its  new 
position  will  be  a  +  da  ,  S  +  DB,  its  distance  E'  from 
the  point  (.1,  i*)  will  be  given  by 


(2)        cos  E' 


cos  1>  COS  (S+t>8)  cos  (A  — a— da) 

+  sinZ>siu(S+'>8) 


Developing  the  first  term  of  the  right-hand  member  of  (1), 
we  have 

{;3)     cos  E  =  cos  I)  cos8  cos^-1  cosa  +  cos7'  cos8  sin  .1  sin« 

+  sin  D  sin  8 
Now  let  us  put 


a  =  cos  8  cos  a 
h  =  cos  8  sin  a 
c  =  sin  8 


r  =  cos  D  cos  A 
•s  =  cos  7>  sin  .1 
t  =  sin  J) 


Substituting  in  equation  (3)  the  latter  becomes 

cos  A'  =  a  r  +  i  «  +  ('  t 
Similarly 

cos  E'  =  (a+du)  r  +  (b  +  db)  s  +  (c  +  dc)  t 

Suppose  the  point  (A,  I))  to  be  situated  90°  distant  from 

the  point  {u,  8)  ;   we  then  have 


(1) 


a  >■  +  h  s  -f 


0 


wliich  is  the  oijuation  of  a  plane  through  the  origin,  a.  b,  t; 
being  the  coordinates  of  a  point  in  the  plane,  and  ;•,  s,  f, 
the  direction-cosines  of  the  perpendicular  to  the  plane  at 


By  virtue  of  (4),  however,  this  last  becomes 
r.da  +  s.db  +  t.  dc  =  0 


(•5) 


Let  «(|  and  Sj  be  the  right-ascension  and  declination  re- 
spectivelj'  of  a  star  at  some  adopted  epoch,  and  assume 
that  the  variations  of  these  coordinates  are  functions  of  the 
proper  motions  only,  and  that  in  the  expressions  for  these 
variations  the  terms  involving  the  squares  and  higher 
powers  of  the  time  may  be  neglected.     Then 

«o  =  a^  +  tda 
8    =  S„  +  08 

Putting  t  equal  to  the  unit  of  time,  we  have  for  the  varia- 
tions of  the  rectangular  coordinates 


da  =  —sin  8  cos  a  dh  ■ 
db  =  —  sin  8  sin  «  98 
dc  =      cos  8  98 


cos  8  sin  (t  da 
■  cos  8  eosrt  da 


Besides  equations  (4)  and  (.">)  we  need  another  equation 
involving  the  coordinates  of  some  undetermined  point  in 
the  same  plane.  Let  the  coordinates  of  this  point  be  x, ;/,  z  , 
then  the  equation  sought  will  be 

xr+t/s  +  zt  =  0 
We  have  now  three  equations  in  )•,  s,  /,  viz.  : 


ar  +     b  s+       ct  =  0 

da.r+db.s  +  dc.t  =  0 

xr+      1/S+      zt  =  0 


(6) 


Eliminating  r,  s,  t,  we  get 
(bdc—cdb)x  +  (<*  9«  —  rt  dc)  1/  ■ 
Let  us  put 


(a,)b-bda)z  =  0     (7) 


(>'  =  sin  8  cos89« 
J/ '  =  sin  n  98  —  O  cos  a 
y  =  cos  ft  98  —  (;  sin  a 
F'  =  cos-8  9rt 


(107) 
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Then  equatiou  (7)  may  be  written 

M'x  +  N'l/  +  P'z  =  0 
Dividiiij,'  this  last  through  by 

the  resulting  coefficients,  which  we  will  denote  by  M,  N,  P, 
are  the  direction-cosines  of  the  perpendicular  through  the 
origin  of  the  plane 
(8)  Mx  +  Nij  +  Pz  =  0 

Every  star  of  which  we  know  the  riglit-ascension  and 
declinatioh  at  any  moment,  as  well  as  the  proper  motion  in 
these  coordinates  in  unit  of  time,  will  furnish  one  equation 
of  condition  of  the  form  (8)  ;  and  since  the  point  x,  ij,  z, 
is  to  be  determined  as  lying  in  the  great  circle  in  which 
each  star  moves  on  the  sphere  of  unit  radius,  it  should,  if 
these  great  circles  intersected  in  two  points  on  a  diameter 
of  the  sphere,  be  one  of  these  points.  If  the  proper  mo- 
tions of  the  stars  were  due  entirely  to  the  Sun's  motion  in 
space,  the  great  circles  in  which  these  motions  take  place 
would  all  intersect  rigorously  in  the  same  two  points,  viz. : 
the  point  toward  and  the  point  from  which  the  Sun  was 
moving  at  the  epoch.  We  should,  in  this  case,  obtain 
values  of  a-,  y,  s,  which  would  exactly  satisfy  any  number 
of  equations  of  the  form  (8).  It  is  highly  improbable, 
however,  that  the  stars  are  absolutely  fixed  in  space,  and 
that  our  Sun  is  the  only  body  of  a  stellar  character  that  is 
in  motion.  Therefore,  in  view  of  the  extreme  likelihood 
of  the  stars  having  real  motions  (whether  independent  or 
governed  by  laws  unknown  to  us  at  present),  we  do  not 
expect  to  obtain  values  of  x,  y,  z,  which  will  exactly  satisfy 
all  of  our  equations.  To  derive  the  most  probable  values 
of  these  coordinates,  or,  in  other  words,  to  determine  the 
center,  of  gravity,  as  it  were,  of  the  points  of  intersection 
of  all  the  great  circles  on  the  surface  of  the  sphere,  we 
must  have  recourse  to  the  method  of  least-squares. 

In  the  notation  of  this  method  the  three  resulting  equa- 
tions are 

r  \_MM]  X  +  \_MNZ  y  +  [-1/^]  «  =  0 

(9)    )  IMN^  X  +  iNN-\y  +  [iVP]  z  =  0 

I  [i>/P].r  +  [.VP]y  +  [PP]z    =0 

Now  let  us  put 

X  =  cos  D'  cos  A' 

y  =  cos  D'  sin  A' 

z  =  sini»' 
Since  x,  y,  and  z  are  functions  of  only  two  quantities.  A' 
and  D',  the  values  of  which  are  obtained  from  the  ratios 

-  and  - 

X  X 

equations  (9)  implicitly  involve  only  two  unknowns,  so  we 
have  one  equation  too  many.     In  their  present  form,  then. 


equations  (9)  will  fui-nish  three  values  each  of  A'  and  D'. 
In  order  that  single  values  of  A'  and  D'  may  be  derived 
which  will  satisfy  all  three  equations  simultaneously,  let 
us  write  the  original  equations  in  the  form 

MyC  +  N^y  +  F-^z  =  i\  +  /«! 
J/„a:  +  N.,y  +  P„.-  =  r„  +  m^ 


!•] ,  i'„,  etc.,  being  the  residuals  resulting  from  a  least- 
square  solution,  and  c,  +  ?«!,  v^+ m„,  etc.,  being  the 
residuals  })rodiiced  by  some  other  solution.  Multiplying 
through  by  the  coefficients  of  x,  y,  z,  and  adding,  as  usual, 

(10) 


we  obtain 

[.l/J/]5r+[.V-V],y+[.l/P].?-[.l/w]    =    [.1/r]    = 

[.VP]  a- +[xV/^]//+[/'P]  «-[/'//;]    =   [Pi']   = 


9* 

dy 

0[rr] 
Oz 


If  we  now  put  [il/w]  =  A,r,  [^''m]  =  \y,  [Pzw]  =  "Kz, 
we  may  determine,  as  will  be  shown  presently,  three  values 
of  X,  any  one  of  which,  substituted  in  equations  (10),  will 
cause  these  equations  to  yield  values  of  the  ratios 

y       T  ^ 
-  and  - 

X  X 

which  will  satisfy  all  three  of  them  simultaneously. 
For  convenience  in  writing,  let  us  put 


K  s   [JViV] 
L    ^   [PP] 


E  =   [J/P] 
S  =   [3-p] 


0, 


Since  in  a  least-square  solution     *  * 

may  write  for  equations  (10)  the  determinant  equation 

J-\         (J  II        I 

Q       K -\        S  =0 

A'  S       L-  k    \ 

The  roots  of  this  cubic  are  real,  positive  and  unequal,  and 
it  may  be  shown  that  one  root  is  numerically  greater  than 
J,  K,  or  L,  one  numerically  less  than  the  least  of  these  coef- 
ficients, and  the  remaining  one  somewhere  intermediate  in 
value.*  It  remains  to  determine  from  which  one  of  these 
three  values  of  X  we  may  obtain  the  most  probable  values  of 
X,  y  and  z.  Differentiating  equations  (11),  the  first  with 
respect  to  ;r,  the  second  with  respect  to  y,  and  the  third 
with  respect  to  z,  we  get 

3a;» 

£l!:^  =  i-x 

'3z- 


BUjher 


For  proof  that  roots  of  cubic  are  real,  see  Salmon's  "  BUjh 
ehra,"  S46.     AIsoTodhuxter's  "Theory  of  Equations,"  §17 


Algebra,"  § 
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In  order  that  [yw]  may  be  a  minimum  the  values  of 
these  second  derivatives  must  be  simultaneously  positive. 
The  smallest  root  of  the  cubic  being  the  only  one  which 
will  satisfy  this  condition,  it  is  the  one  which  we  must  use 
in  equations  (11)  to  derive  the   most  probable  values  of 


and 


that  is,  of  tan  A  and  tan  J)  sec  A. 
The  cubic  for  A  may  be  written 

\^  -rj\-  +  ixK-  t  =  0 

where     tj  =  J  +  K  +  L 

fj.  =  JK+  KL  +  JL-  {Q^+B^+  5=) 
^  =  JKL  +  2QRS  -  (JS'  +  KE'^+LQ-) 

Whence,  if  we  put  J''=  ,/— X,  K'=K—X,  L'  =  L  —  \ 
obtain 

IIS-L'Q         ir--J'L' 


tan  A'  = 
tanX*' 


K'L'-  S" 
Q--J'K' 


P'Q-RS 
K'R-QS 


QR-  J'S 
QS-K'R 
QR-J'S 


cos  A' 


K'E-QS        S'-K'L'        RS-L'Q 


and       J'K'L'  +  2QRS  -  (J'S"-+ K'R'  +  L'Q-)  =  0 

It  is  known  from  previous  investigations  that  the  solar 
apex  is  situated  in  the  northern  hemisphere,  so  that  the 
quadrant  in  which  A'  must  be  taken  will  be  determined  by 
the  sign  that  cos  A'  requires  to  make  tan  £>'  positive. 

As  a  test  of  the  applicability  of  the  method  outlined 
above  for  determining  the  position  of  the  solar  apex,  I 
chose  65  stars  (Epoch  1900)  of  magnitude  2.5  and  greater, 


and  after  forming  the  equations  of  condition  reduced  them 
to  the  three  following  (modified)  normals : 

(32.203.3-X).r  +      1.6013  y  -      0.7906  2  =0 

1.6013a:  +  (11.6674-A.)y  +      4.8788s  =0 

-0.7906a;  +     4.8788y  +  (21.1292-Xi  s  =  0 

from  which  resulted  the  cubic 

\»  _  65.0000  X=  +  1275.6673  A  -  7098.5379  =  0 

the  roots  of  which  are 

(    9.4626 
A  =   ^  23.19 
(  32.35 

Using  the  smallest  root,  viz. :  9.4626,  in  the  normal 
equations,  I  derived 

A'  =      274°  52' 
//  =  +   22   54 

These  values  are  well  within  the  range  of  those  deduced 
by  other  investigators  using  methods  entirely  different 
from  the  one  given  in  this  paper.  To  obtain  the  best  pos- 
sible results,  however,  every  star  with  a  well  determined 
proper  motion  should  be  used  in  the  solution. 

It  would  be  of  interest  to  investigate  the  degrees  of 
probabilitj-  to  be  attached  to  the  different  results  of  previ- 
ous investigators  in  this  line.  This  could,  I  think,  be 
readily  done  by  computing  for  a  large  number  of  stars  the 
coefficients  3f,  X,  P,  in  equations  (8),  and  substituting  for 
X,  II,  and  z,  each  investigator's  values  in  turn.  For  the 
most  probable  values  the  sum  of  the  squares  of  the  resid- 
uals should  be  a  minimum. 


ON   THE   LIGHT-VARIATIONS   OF  G189   L 

By  PAUL.  S.  YEXDELL. 

The  variability  of  this  star  was  discovered  at  Cordoba,  in 
the  course  of  the  work  on  the  Uranometria  Argentina,  and 
was  coufirnied  in  1881  by  Sawyer,  who  detected  its  char- 
acter, and  referred  it  to  the  type  of  Al<jol.  Its  history 
does  not  fall  within  the  province  of  this  paper,  but  may  be 
found  in  a  paper  by  Chadjdlkk,  in  this  Journal,  Vol.  VII, 
p.  130,  where  it  is  entered  into  in  detail.  In  the  second 
part  of  the  same  paper.  Chaxdl?;r  gives  a  mean  liglit-curve 
of  the  star  from  his  own  observations.  Sawtek,  in  Vol. 
VIII,  p.  70,  publishes  a  mean  curve  from  his  observations, 
with  a  graphic  comparison  of  it  with  that  of  Chandler, 
above  mentioned. 

Chaxdlek,  A.J.,  XXIV,  pp.  6,  61,  gives  elements  deduced 
from  all  the  published  material  to  1904.  Since  the  two 
papers  first  referred  to,  no  published  mean  light-curve  of 
U  Ophiuchi  has  come  to  my  notice. 

I  began  observations  of  the  star  in  1888,  and  have  car- 
ried them  on  more  or  less  continuously  until  the  end  of 
the  season  of  1902,  when  they  had  accumulated  to  the 


OPHIUCUI, 


number  of  more  than  four  liundred.  It  seemed  that  a 
mean  light-curve  from  this  collection  of  observation.s  might 
be  of  interest  and  value,  both  in  itself  and  as  compared 
with  those  previously  jiublished  by  Chandler  and  Sawyer. 

At  the  beginning  of  the  present  year.  I  assembled  the 
observations,  and  have  treated  them  in  a  similar  manner 
to  that  employed  in  the  case  of  U  Ceji/tei,  in  forming  the 
curves  published  in  this  Journal,  Vol.  XXIII.  p.  213. 

There  proved  to  be  four  hundred  and  forty-seven  obser- 
vations, thirty-tive  of  which  fall  in  the  time  of  the  star's 
normal  light.  These  observations  consisted  mostly  of 
comj)arisons  with  two  comparison-stars,  though  there  were 
frequent  cases  where  only  one  was  used,  many  including 
three,  and  some  with  four. 

A  light  and  magnitude  scale,  formed  at  the  end  of  the 
season  of  1902  from  the  whole  body  of  material  at  hand, 
has  been  used  in  the  formation  of  the  mean  light-curve 
which  is  the  subject  of  this  paper. 

The   comparison-stars  and  notation  emi>loyed  are   the 
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same  as  those  used  by  Ciiaxdlek  in  his  observations,  and 
for  the  sake  of  convenience  are  displaj'ed  in  the  subjoined 
table,  witli  their  DM.  numbers,  positions  for  1855,  and 
their  magnitudes  according  to  tlie  various  authorities  to 
wliom  I  have  access.  The  iirst  cohimn  contains  the  nota- 
tion used  for  the  comparison-stars,  the  second,  headed  DM., 


their  Bonn  numbers,  that  headed  1855  their  DM.  places. 
In  the  magnitude  columns  DM.  signifies  the  "Jltmn  Durch- 
niHsterung,''  U.A.  the  "  Urnnoinetrid  Anjentinn,'"  S,  Sawyer, 
C,  Chandler,  PDJI.  the  Potsdam  photometric  measures, 
Y  the  scale  adopted,  and  Lt.  my  light-scale. 


Comparison-Staks. 


1855 

Magnitudes 

DM. 

a 

8 

DM. 

U.A. 

S 

C 

PDM. 

Y 

Lt. 

a 

-0°3224 

16'58"'  3*9 

-0°  40.9 

5.8 

5.9 

5.95 

5.83 

5.83 

16.2 

h 

-o.'^2;;o 

17     0  44.9 

-0  52.6 

6.2 

6.3 

6.2 

6.13 

6.12 

12.2 

c     ^ 

-J  :'.2.s2 

10  59  21.7 

—  1  27.2 

6.3 

6.6 

6.29 

(;.15 

11.8 

d 

+  0  302;) 

IG  57  54.3 

+  0  54.7 

6.3 

6.2 

6.25 

6.42 

G.(I5 

6.40 

8.2 

e 

+  0  3283 

17     8  55.8 

+  2  21.0 

6.5 

6.4 

6.68 

6.38 

6.GG 

4.4 

f 

+  0  3654 

17     5  29.5 

+  0  33.3- 

7.0 

6.8 

(;.;i 

G.81 

6.82 

G.SS 

1.3 

a 

+  1  3411 

17  10  17.8 

1  55.0 

6.8 

6.9 

G.9 

6.97 

7.05 

G.97 

0.0 

u 

+ 1  3408 

17     9  11.3 

1  22.6 

\  G.(t3 
"{  6. 62 

13.4  > 
5.0  i 

The  scale  of  magnitudes  is  derived  from  a  graphic  coui- 
parison  of  my  light-scale  with  the  magnitudes  published 
by  Chandler.  According  to  this  scale,  the  value  of  a  step 
is  0".06,  and  is  pretty  constant  throughout  the  scale. 

The  T—t  were  formed  from  Chandler's  latest  elements, 
which  he  kindly  furnished  me  in  advance  of  publication, 
for  the  purpose  of  this  work.     These  elements  are 


Min.  1881  Jul 


\^f 


17'*  15"  32'"  G.:M.T.  +  20' 
+  0"'-.3f'     :     (  where  t 


7"'.690c 

loooy 


The  observations  were  grouped  in  multiples  of  five,  ac- 
cording to  their  distribution  on  the  curve,  the  grouping 
beginning  at  three  hours  before  the  computed  time  of 
minimum.  From  three  hours  after  that  time  till  three 
hours  before  it  they  were  assumed  to  belong  to  the  interval 
of  constant  light,  and  were  grouped  in  fives.  At  the  be- 
ginning of  the  decrease  and  the  end  of  the  increase  the 
groups  consist  of  ten,  and  during  that  part  of  the  time  of 
change  when  observations  are  most  numerous,  from  two 
hours  before  to  an  hour  and  a  half  after  minimum,  each 
normal  is  formed  from  twenty  observations,  a  single  value 
at  the  end  of  the  period  assumed  as  that  of  normal  light 
represents  two  only.  It  proved,  however,  when  the  nor- 
mals were  plotted,  to  indicate  the  beginning  of  the  decrease. 

Treating  the  observations  as  of  equal  weight,  the  probable 
error  of  a  single  observation  is  almost  exactly  one  step 
(0".98).  The  probable  errors  of  the  normals  are  small,  but 
in  most  cases  greater  than  their  departures  from  the  curve 
as  finally  drawn,  as  will  be  seen  by  reference  to  the  fol- 
lowing table.  This  table  displays  the  normals.  In  the 
column  T—t  the  times  are  derived  from  the  comjmted  times 
of  minimum.  The  column  Lt.  contains  the  values  of  the 
normals,  expressed  in  my  light-scale  shown  above,  the 
column  Obs.  the  number  of  observations  that  go  to  make 


up  each  normal,  the  column  ;•  the  departure  of  eacli  normal 
from  the  curve  as  drawn,  and  the  column  r  their  probable 
errors. 

Table  of  Normals. 


r-  t 


Lt. 


-  3 

12.5 

13.11 

5 

+  0.35 

±0.21 

3 

5.4 

12.03 

'> 

-0.42 

2 

43.8 

11.53 

10 

+  0.20 

0.33 

2 

25.9 

10.76 

10 

+  0.38 

0.43 

2 

13.6 

9.49 

10 

-o,;U 

0.40 

1 

53.4 

8.82 

20 

+  0.12 

0.35 

1 

37.5 

7.95 

20 

+  0.13 

0.28 

1 

21.6 

7.00 

20 

—  0.07 

0.23 

1 

8.6 

6.65 

20 

+  0.17 

0.23 

0 

57.6 

5.81 

20 

-0.19 

0.12 

0 

47.6 

5.61 

20 

0.00 

0.11 

0 

39.2 

5.56 

20 

+  0.19 

0.16 

0 

30.2 

5.40 

20 

+  0.23 

0.13 

0 

20.1 

5.00 

20 

-0.04 

0.17 

0 

11.9 

5.20 

20 

+  0.20 

0.16 

-    0 

4.7 

5.05 

20 

+  0.03 

0.21 

+   0 

5.9 

5.31 

20 

+  0.04 

0.18 

0 

13.8 

5.52 

20 

-0.03 

0.17 

0 

24.1 

6.07 

20 

+  0.06 

0.21 

0 

35.4 

6.69 

20 

+  0.18 

0.30 

0 

48.7 

6.99 

20 

-0.23 

0.29 

1 

6.7 

8.55 

20 

+o.:i3 

0.35 

1 

22.4 

9.05 

10 

-0.22 

0.31 

1 

39.6 

10.81 

10 

+  0.49 

0.30 

2 

10.1 

11.62 

10 

-0.26 

0.41 

+   2 

57.5 

12.74 

5 

-0.42 

0.19 

+   4 

52.1 

13.17 

5 

-0.25 

0.03 

7 

35.7 

13.32 

5 

-0.10 

0.12 

11 

16.2 

13.61 

5 

+  0.19 

0.06 

13 

17.2 

13.57 

5 

+  0.15 

0.11 

15 

2.5 

13.22 

5 

-0.20 

0.21 

16 

2.4 

13.43 

5 

+  0.01 

0.13 

+  16  34.1 

13.60 

5 

+  0.18 

±0.08 

As  finally  drawn 

the  curve  sh 

3WS  a  duration  of  seven 

hours,  from 

-S'SO- 

-  to  +3" 

SO". 

The  end  of  the  decrease, 
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however,  as  will  appear  at  a  glance  at  the  above  table,  is 
much  less  distinctly  indicated  by  the  observations  than  the 
beginning  of  the  decrease.  The  indicated  duration  of  the 
light-changes  is  longer  by  an  hour  and  a  half  than  that 
shown  by  the  curves  of  Chandler  and  Sawyer. 

The  range  of  variation  shown  is  from  a  normal  light  of 
13.42  to  a  minimum  of  5.00,  corresponding  respectively  to 
magnitudes  6.03  and  6.62.  This  is  about  a  step  less  than 
the  range  shown  by  Chandler  and  Sawyer,  and  my  light- 
curve  is  decidedly  flatter  than  either  of  theirs.  There  is 
also  a  failure  to  indicate  the  inflection  just  after  the  mini- 
mum, which  forms  so  conspicuous  a  feature  of  both  their 
curves,  especially  that  of  Chandler,  and  on  which  the 
latter  lays  some  stress.  This  inflection  appears  in  some 
of  the  single  curves,  but  rather  slightly. 

The  curve  shows  a  correction  of  —12'"  to  the  computed 
time  of  minimum,  corresponding  to  an  apjiroximate  Epoch 
of  5380. 

The  readings  from  the  mean  curve  are  shown  in  the 
subjoined  table,  the  times  in  the  columns  "Before"  and 
"  After  "  being  referred  to  the  time  of  minimum  shown  by 
the  curve.  The  columns  C  and  S  contain  readings  from 
the  mean  curves  respectively  of  Chandler  and  Sawyer, 
referred  to  my  light-scale  for  the  purpose  of  comparison. 
For  Chandler's  curve,  the  reference  was  easy,  as  the 
differences  of  the  intervals  are  not  great :  but  a  satis- 
factory relation  between  my  light-scale  and  Sawyer's  was 
very  difficult  to  establish,  so  that  I  finally  contented  my- 
self with  drawing  his  curve  directly  from  the  figure  pub- 
lished in  his  paper  above  referred  to.  The  readings  in  the 
column  S  are  taken  graphically  from  the  curve  so  drawn. 


Before      After 


Table  of 

Readings. 

C 

T-t 

Before 

After 

Before 

After 

-3^3d" 

13.42 

13.42 

20 

13.32 

13.35 

10 

13.10 

13.25 

3     0 

12.76 

13.07 

2  50 

12.30 

12.82 

40 

11.80 

12.55 

13.4 

13.4 

30 

11.30 

12.20 

13.2 

13.4 

20 

10.80 

11.80 

12.9 

13.0 

10 

10..30 

11.37 

12.3 

12.5 

2     0 

9.80 

10.82 

11.9 

12.1 

1  50 

y.20 

10.23 

11.3 

11.6 

40 

8.62 

0.66 

10.7 

11.2 

30 

8.10 

9.05 

10.4 

10.6 

20 

7.60 

8.40 

9.8 

9.8 

10 

7.12 

7.75 

9.15 

9.0 

1     0 

6.64 

7.18 

8.4 

8.0 

0  50 

G.17 

6.62 

7.5 

6.7 

40 

5.75 

6.20 

6.4 

6.4 

30 

5.44 

5.73 

5.5 

5.1 

20 

5.20 

5.30 

5.1 

5.2 

10 

5.05 

5.10 

4.5 

4.6 

0 

5.00 

4.2 

.    .  13.5 

.    .  13.3 

.    .  13.0 

13.6  12.5 

13.2  12.0 

12.7  11.4 
12.1  10.6 

11.3  9.4 
9.9  7.3 

8.2  6.7 

6.3  6.2 
5.2  5.3 
5.6  4.7 
4.2  4.2 
4.1  4.1 
4.0  .    . 


The  brightness  observed  at  the  different  minima  varies 
from  2".4  to  6".0,  that  is,  from  6".80  to  6''.55.  To  see  if 
any  system  could  be  detected  in  these  varying  estimates, 
they  were  assembled  to  the  number  of  thirty-five,  being 
the  observation  of  least  light  at  each  observed  minimum, 
with  a  few  which  fell  very  nearly  at  the  computed  date 
and  minimum  light  on  occasions  when  no  minimum  was 
actually  determined.  When  arranged  in  the  order  of  their 
dates  a  simple  inspection  showed  at  once  that  no  progres- 
sive change  was  indicated.  Rough  means  of  the  yearly 
groups  confirmed  this  inference. 

The  question  of  the  influence  of  hour-angle  on  these 
estimates  then  suggested  itself.  The  observations  were 
found  to  occur  at  hour-angles  from  3''  46"°  east  to  S""  SS" 
west.  They  consisted  of  comparisons  with  the  stars  d,  e,f 
and  g,  principally  with  d  and  e.  The  star  e  was  made  use 
of  in  thirty-four,  and  the  star  d  in  twenty-six  of  the  obser- 
vations. 

An  examination  of  the  position-angles  and  distances  of 
these  stars  from  U  shows  that  the  star  e  lies  about  3°  west 
of  north  from  it,  at  a  distance  of  about  48'.  The  star  d 
lies  about  9°  40'  south  of  west,  at  a  distance  of  about  2°  50'. 
When  U  is  at  hour-angle  4''  east,  the  line  from  it  to  e  is 
presented  at  an  angle  with  the  vertical  of  about  57°  east, 
and  the  line  to  d  at  about  40°  west  from  it.  As  U  rises  e 
becomes  relatively  higher,  approaching  the  vertical,  and  d 
lower,  receding  from  it,  until  when  ^  passes  the  meridian, 
e  is  nearly  vertically  above  it,  while  d  is  slightly  lower 
than  U.  At  4''  west,  e  stands  at  an  angle  of  63°  west  from 
the  vertical,  above  U,  and  d  west  of  U,  at  an  angle  below 
the  horizontivl  line  of  about  30°. 

Knowing  the  effect  of  position-angle  on  comparisons 
made  by  the  Argelander  method,  we  are  led  to  expect 
from  these  circumstances  that  the  estimates  of  intervals 
between  V  and  e  would  increase  as  e  approaches  the  verti- 
cal line  above  (',  and  would  begin  to  decrease  as  it  moves 
westward  from  that  line,  and  toward  the  western  limit 
mentioned.  While  the  intervals  from  comparisons  with  d 
should  increase  continuously  from  the  extreme  eastern  to 
the  extreme  western  hour-angle.  Also  the  interval  d  —  e 
should  show  a  continuous  increase  between  the  same 
limits. 

To  test  the  actuality  of  these  conditions,  the  compari- 
sons were  arranged  in  the  order  of  their  hour-angles,  and 
in  separate  columns  for  each  star.  There  proved  to  be 
thirteen  observations  in  eastern,  and  twenty-two  in  eastern 
hour-angles. 

The  means  of  hourly  groups  were  taken  for  each  star, 
and  also  for  the  values  sliown  by  the  complete  observations. 
All  were  treated  as  of  equal  weight. 

The  results  are  shown  in  the  following  table,  where  the 
column  HA  shows  the  mean  hour-angle   of  each  hourly 
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group,  the  columns  ve  and  vd  the  mean  intervals  between 
^'  and  the  stars  e  and  d  respeetivelj-,  the  columns  «  the 
number  of  comparisons  in  each  group,  and  the  column  de 
the  intervals  d  —  e.  The  column  Lt.  gives  the  means  of 
observed  lights  for  each  hourly  group  of  complete  obser- 
vations. 


HA. 


East 


3  17 
2  25 
2  37 
1  2^ 
0  24 
East  0  20 
WestO  30 

0  34 

1  28 
1  32 


+  1.2 
+  0.2 


+  0.8 
+  1.0 


+  0.3       9 


+  0.2 


3 
3 

West  3 


29 
34 
23 

24 
30 


-0.5 


-0.5 


dt> 
+  2.0 

+  1.5 
+  3.5 

+  3.0 

+  2.8 


+  4.2 
+  3.3 


3.0 
4.3 


4.3 

3.9 


4.5 


4.0 


4.4 
48 
S'l 


4.7 
5.0 


The  column  re  shows  a  continuous  decrease  of  the  in- 
terval, without  any  sign  of  the  anticipated  increase  at  the 
meridian.  The  column  dr  shows  a  continuous  increase  as 
anticipated,  as  does  also  the  column  de.  The  column  Lt. 
shows  neither  any  well-defined  increase  nor  decrease,  and 
the  mean  of  this  column  is  4.8,  which  corresponds  closely 
to  the  value  deduced  from  the  normals  in  forming  the 
mean  curve. 

The  effects  indicated  in  the  columns  ve  and  dv  tend 
nearly  to  counteract  each  other,  showing  results  in  the 
complete  observations  such  as  appear  in  the  column  Lt. 

The  above  indications  would  seem  to  show  that  the  dif- 
ference of  a  step  between  my  minimum  value  and  those  of 
Chandler  and  Sawyer  may  probably  be  attributed  to  sub- 
Dorchester,  1904  June  17. 


jective  causes  personal  to  the  observers,  or,  ])ossiblj-  to  the 
use  of  different  comparison-stars  near  that  ])hase. 

There  appears  to  be  some  question  of  the  constancy  of 
the  normal  light,  as  indicated  by  my  observations.  The 
normals  show  a  slight  maximum  of  two-tenths  of  a  step 
above  the  mean  about  midway  of  the  interval  of  constant 
light,  but  are  so  few  and  far  separated,  and  depend  on  so 
few  observations,  and  the  value  of  the  increase  is  so  small, 
though  greater  than  the  probable  error  of  the  normals, 
that  the  reality  of  the  change  is  extremely  doubtful,  in 
view  of  the  behavior  of  the  other  stars  of  this  ty])e  which 
have  been  examined  in  this  respect. 

The  principal  question  raised  by  my  observations  is  the 
difference  of  the  indicated  duration  of  tlie  light-changes 
from  that  assigned  by  Chandler.  This  difference  in  dura- 
tion is  important,  as  it  amounts  to  three-tenths  of  the 
whole  value  given  by  Chandler.  I  feel  reasonably  sure 
that  my  results  in  this  respect  are  worthy  of  confidence, 
especially  as  regards  the  beginning  of  the  decrease.  Tlie 
observations  have  been  made  with  no  preconceived  expec- 
tations as  to  the  star's  behavior,  and  mostly  with  verj' 
vague  knowledge  of  the  probable  time  of  minimum,  often 
on  evenings  when  this  was  entirely  unknown  to  the  ob- 
server, and  on  occasions  when  there  was  no  expectation  or 
purpose  of  following  the  .star  through  its  minimum  phase. 
The  whole  of  the  curve  as  drawn  falls  well  within  or  close 
without  the  probable  errors  of  the  normals.  The  normals 
are  mostly  formed  from  larger  groups  of  observations  than 
are  the  corresponding  ones  of  Schonfeld  in  his  classical 
discussion  of  the  light-changes  of  Algol,  and  are,  on  the 
whole,  about  as  closely  represented  by  the  curve  adopted. 

A  progressive  increase  in  the  duration  of  the  light- 
changes  suggests  itself  as  a  possible  explanation  of  the 
difference.  To  my  regret,  however,  my  observations  do 
not  afford  the  material  for  the  investigation  of  this  ques- 
tion, as  in  the  earlier  years  they  seldom  covered  more  than 
three  hours  on  anv  one  occasion. 


OBSERVATIOXS   OF  2387  XOTA    GEMINORUM, 

By  ZACCHEUS  DANIEL. 


In  connection  with  other  work  done  at  the  expense  of 
the  Carnegie  Institution,  fourteen  observations  were  made 
oil  Nova  Gem'moriim  with  Pickering's  equalizing  wedge 
photometer,  attached  to  the  58.4  cm.  (23-inch)  refractor. 
The  first  three  of  these  observations  were  made  by  Pro- 
fessor "\Y.  M.  Eeed.  Usually  four  or  five  settings  were 
made  on  each  comparison-star  before  and  after  the  Nova. 
Occasionally  a  number  of  extra  settings  were  made  to  de- 
termine the  brightness  of  the  comparison-stars.  In  all  418 
settinars  were  obtained. 


Below  are  the  data  for  the  comparison-stars.  Under  the 
heading  H.C.O.,  the  notation  is  that  of  Circular  70,  but 
the  magnitudes  are  those  designated  H.P.  in  Hagen's 
catalogue.  The  data  headed  J.A.P.  are  from  a  paper  by 
J.  A.  Parkhurst,  in  Popnlav  Astronoimj,  XI,  330.  In  the 
last  three  columns  are  given  the  light-scale  derived  from 
my  observations,  the  magnitudes  of  the  stars  on  the  same 
scale  adjusted  to  the  H.C.O.  sj'stem,  and  the  number  of 
settings  on  each  star  used  in  forminsj  the  scale. 
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Comparison-Staks. 

H.C.O. 

Hagen 

J.  A.  p.        DM.+SO" 

Daniel 

Set 

g     8.76 

11     8.6 

d     9.02     1306  8.6 

0.00 

8.62 

56 

k     9.34 

18     9.2 

e     9.27     1302  9.2 

0.40 

9.02 

31 

I    10.13 

31  10.2 

L     9.97     1309  9.4 

1.75 

10.37 

97 

ni  10.78 

44  10.7 

rii   10.56 

2.38 

11.00 

47 

Following  are  the  observations  in  Greenwich  mean  time. 
The  notation  of  the  comparison-stars  is  that  of  H.C.O., 


Circular  70,  but  the  magnitudes  are  on  my  scale.  The  last 
column  gives  the  number  of  settings  on  the  Nora.  The 
first  observation  was  made  through  a  photographic  shade 
glass  whose  absorption  as  measured  here  is  3*.  15.  A  simi- 
lar glass,  having  an  absorption  of  0''.43,  was  used  for  part 
of  the  settings  at  the  third  observation.  On  April  20  and 
May  12  the  latter  glass  was  used  on  all  the  stars.  All  the 
other  observations  were  made  without  a  shade  glass. 


Observations. 

1903 

J.D. 

V—l 

r — m 

v—g 

t— it 

Mag. 

Set 

u 

H 

M 

u 

Mar.  31 

6205.640 

-1.81R 

8.56 

o 

Apr.     1 

06.563 

-1.61R 

8.76 

12 

10 

15.577 

-1.28R 

9.09 

8 

20 

25.582 

-1.18 

9.19 

5 

29 

32.603 

-0.22 

-0.50 

10.32 

6 

May     5 

40.589 

-0.27 

-1.08 

10.01 

7 

6 

41.569 

-0.53 

-1.26 

9.79 

8 

6 

41.5S5 

-0.28 

—  0.92 

10.08 

8 

8 

43.576 

-006 

-0.68 

+  1.78 

10.34 

5 

9 

44.579 

+  0.04 

+  1.90 

41.58 

10.51 

5 

11 

46.589 

+  0.18 

+  1.31 

10.44 

5 

11 

46.606 

+  0.26 

+  1.89 

10.57 

5 

12 

47.592 

—  0.06 

-6.68 

+  1.70 

+  1.23 

10.30 

5 

25 

6260.581 

+  0.24 

10.61 

5 

ters'dy^  Princeton,  X.J., 

1904  June  14. 

OBSERVATIONS  OF  SUXSPOTS, 

By  ROBERT  H.  BAKER. 


1904 

Xew 
Gr.Spts. 

Dlsap. 
Gr.Spts 

Reap.  1  Total 
Gr.Spts.  Gr.Spts 

1904 

New 
Gr.Spts. 

Disap. 
Gr.Spts 

Reap. 
Gr.Spts 

Total 
Gr.Spts 

1904 

Ken-    1  Dleap.  ^   Reap. 
Gr.Spts.  Gr.Spts  Gr.Spts. 

Total 
Gr.Spu 

d 

Mar.     4 

2 

_ 

_ 

_ 

2    5 

April  29  23 

1      3 

_  _ 

1 

3 

3  28 

May  27 

b 

23 

1     3 

_  _ 

1 

1 

5  14 

5 

2 

-     5 

_   _ 

_ 

_ 

2  10 

May     1     5 

1      1 



1 

1 

4  20 

30 

21 

_    _ 

_  _ 

- 

_ 

1    2 

8 

1 

_     _ 

1  4 

_ 

_ 

1     1 

2     2 

1      3 



1 

1 

5  15 

June    2 

1 

1     5 



1 

3 

2    7 

9 

2 

1     3 

_  _ 

1 

1 

2    4 

2  23 

-    7 



_ 

_ 

5  IS 

2 

23 

-     1 

_  _ 

_ 

_ 

2    8 

10 

2 

1     2 



_ 

_ 

3    6 

4     1 

-  10 

2  4 

_ 

_ 

3  21 

4 

0 

-     4 



_ 

_ 

3  13 

17 

0 

-     1 

_  _ 

_ 

_ 

2    4 

4  23 

-     7 



_ 

_ 

3  22 

5 

2 

-     4 



_ 

_ 

3  15 

19 

2 

1  30 



1 

10 

3  34 

5  23 

_    _ 



_ 

- 

3  15 

6 

5 

-     4 

1  1 

_ 

_ 

2  18 

20 

2 

_     J. 

_  - 

_ 

_ 

3  25 

6  22 

_    2 



- 

- 

3  15 

9 

5 

1  16 



1 

4 

434 

21 

0 

_    _ 

1  2 

_ 

_ 

2  30 

8     2 

1     6 

1  2 

1 

5 

3  19 

10 

0 

_     2 



_ 

_ 

4  32 

24 

1 

1     3 



1 

12 

4  35 

9     2 

-  15 



- 

_ 

3  31 

11 

2 

-     3 



_ 

_ 

4  26 

29 

o 

1     2 



1 

2 

4  12 

10     0 

1  13 



1 

1 

4  42 

11 

00 

-    8 

1  5 

_ 

_ 

3  28 

30 

2 

-    4 

1  2 

- 

-  1  3  13 

10  22 

-  12 



- 

11 

3  35 

12 

21 

1     1 



1 

1 

4  21 

April    4 

22 

_     _ 

1  1 

_ 

-    1  15 

12     2 

2  20 



0 

5 

5  49 

13 

2"' 

1  23 



1 

6 

5  46 

6 

2 

_     _ 

_  _ 

.,. 

-  A    ~ 

13     2 

-    6 

1  3 

_ 

- 

3  41 

15 

0 

-    3 

1  3 

_ 

_ 

4  34 

7 

22 

1     2 

_  _ 

1 

2 

2    3 

14     3 

_    0 



_ 

- 

3  30 

16 

0 

-    2 

1  5 

_ 

_ 

2  21 

11 

4 

1  16 



1 

1 

3  19 

16     4 

1     1 



- 

- 

4    6 

IS 

0 

1     7 



1 

2 

3  26 

12 

2 

-     5 

1  1 

_ 

_ 

2  23 

20     4 

_    0 

1  1 

- 

_ 

2    6 

19 

2 

1  25 



1 

4 

3  49 

16 

4 

1     1 

_  _ 

1 

1 

3  23 

21     2 

-    _ 



- 

- 

2    5 

19 

23 

-    2 

_  — 

_ 

_ 

3  29 

20 

5 

1     1 

_  _ 

1 

1    4  14 

OO      o 

-    1 



_ 

_ 

2    5 

21 

0 

-     6 



_ 

_ 

3  29 

21 

2 

1     9 

1  1 

1 

9  ^  4  22 

OO     OO 

-    _ 



- 

_ 

2    4 

22 

•> 

-    8 



_ 

_ 

3  33 

21 

23 

1  19 



_ 

_ 

5  ">G 

24  "2 

-    1 



- 

- 

2    4 

23 

6 

-  12 



_ 

_ 

3  44 

23 

0 

-  10 

_  _ 

_ 

_ 

5  41 

'^1  22 

1     1 

2  4 

1 

1 

1     1 

23 

22 

_    _ 

_  _ 

_ 

_ 

3  23 

23 

21 

-    8 



_ 

_ 

4  44 

2.">  22 

3  11 



1 

5 

4  12 

26 

0 

1     1 

2  7 

1 

1 

2    7 

25 

0 

-     4 



_ 

_ 

4  43 

0-     0 

1     4 



1 

2 

5  16 

26 

21 

_    2 



_ 

_ 

1    S 

26 

2 

-     - 

2  3 

- 

- 

2  34 

_ 

Amherst  College  Observatory. 
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REMARKS    OX    THE    DETERMINATION    OF    THE    NUMBER    AND    MEAN 

PARALLAX    OF    STARS    OF    DIFFEIiENT    MAGNITUDE    AND 

THE    ABSORPTION    OF    LIGHT    IN    SPACE, 

By  J.  C.  KAPTEYN. 


In  No.  558  of  this  Journal,  Prof.  Comstock  coramuui- 
cated  an  extremely  interesting  investigation  by  which  our 
knowledge  of  reliable  proper  motions  of  faint  stars  is 
extended  in  a  most  desirable  way. 

Although  in  the  following  lines  I  venture  to  offer  some 
objections  to  one  of  his  conclusions,  I  hope  that  they  will 
serve  the  purpose  of  rendering  still  more  evident  the  great 
value  of  such  investigations. 

The  conclusion  on  which  I  wish  to  make  some  remarks 
is,  that  either:  "  The  intrinsic  luminosity  of  the  stars  di- 
minishes with  their  apparent  brightness  in  such  a  ratio  that 
a  star  of  the  tenth  magnitude  possesses  only  one-tenth  of 
the  luminosity  of  the  fifth  magnitude"  ;  or,  that  there  is  a 
very  appreciable  absorption  of  light.  The  author  is  evi- 
dently inclined  to  accept  the  latter  alternative. 

Prof.  Pickering,  in  his  recent  paper,  "  Distribution  of 
Stars,"  Ann.  of  Harv.  Coll.,  48,  No.  5,  finds  the  ratio  of  the 
increase  in  number  of  the  stars  of  diminishing  apparent 
brightness  to  deviate  from  the  "theoretical"  ratio,  and 
seems  also  inclined  to  adopt  the  hypothesis  of  a  consider- 
able absorption  of  light  in  space. 

As  far  as  I  can  see,  we  are  at  the  present  moment  unable 
to  prove  either  the  truth  or  the  falseness  of  this  hypothe- 
sis, but  I  think  that : 

■a.  We  can  prove  conclusively  that  we  are  at  least  not 
compelled  to  accept  the  alternative  of  Prof.  Com- 
stock ; 

b.  We  can  show  that  an  absorption  of  so  higli  an  amount 
as  that  found  by  tliis  astronomer  is  highly  im- 
probable ; 

t.  We  can  assign  a  way  which,  as  soon  as  the  necessary 
observational  data  will  be  available,  must  lead  to  a 
determination  of  the  quantitj'  of  the  absorption  in 
space,  free  from  liypotheses  about  the  star-density 
at  different  distances  from  tlie  solar  system.* 


•  For  considerations  very  nearly  related  to  many  of  tliose  here  fol- 
lowing, the  reader  is  referred  to  S(iii.\PARELLrs  memoir,  '' SuUe 
distribuziune  apparente  tielle  Stelle  visibili  ad  occhio  iiudo." 


The  first  point  will  become  evident  if  we  derive  the  theo- 
retical value,  both  of  the  number  of  stars  of  a  given  mag- 
nitude and  of  their  mean  parallax,  without  introducing 
either  the  hypothesis  of  the  same  luminosity  for  all  the 
stars,  nor  of  a  density  in  their  distribution,  which  is  the 
same  at  all  distances,  — hypotheses  which  are,  evidently  or 
probably,  not  in  accordance  with  nature. 

If  we  put,  in  accordance  with  Publication,  No  11,  of  the 
Astronomical  Laboratory  at  Groningen, 

app.  bright,  of  star  of  mag.  »i 


S=2.512. 


m+1 


(logs  =  0.4) 


7r„  =  mean  parallax  (in  seconds  of  arc)  of  the  stars  of 
the  apparent  magnitude  m. 
p=distance  from  sun  (p  =  1  for  ir  =  OM). 
iV„=number  of  stars  between  the  apparent  magnitudes 
»i  —  ^  and  m  +  ^. 
J  (p)  =  star-density  =  number  of  stars  pro  unit  of  volume 
at  distance  p  ;  unit  of  volume  =  cube  of  which  the 
side  is  distance  corresponding  to  7r=0".l. 
A„=apparent  brightness  of  a  star  of  magnitude  m 

(/'r...=  l)- 

£  =  luminosity  =  absolute  quantity  of  light  emitted 

b}'  a  star  (L  =  1  for  sun ). 
-l/=absolute  magnitude  (that  of  sun  =5.5). 
(f  (ir)S/i  =  probability  of  a  star's  luminosity  being  included 
between  the  limits  A  and  L  +  SL. 
.,T\  _  C'-^'  <f{!:)  82  =  probability  of  the  absolute  huui- 
^^  ''  ~Jl         nosity  being  =  Z,  within  ±  half  a  mag. 

Then,  if   we   assume  (f{L)  to  be   independent  of  the 
distance  p,  the  required  formulas  will  be  easily  found  to  be 

A'.  =   4ir    Cp*J{p)ip\    "^'(/(p^8/< 


rp»j(p)Sp(*""(r(/ip»i8A 

*'0  %.'hm 


1»V_  = 


"p^Jip^&pi  ""(r{hp')U 
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Putting     Ap*  =  s     we  have 

qp  (/,p»)  8A  =  ^ J.  ,    IP  (r.)  a.  =  ^,  ^  (;<,p=) 

Am  p'.ynmp-  p- 


Therefoie 
(1) 

(2) 


J°pJ(p)^(//,y)8p 


10,r,„  = 


In  thesfe  formulas  the  tacit  assumption  has  been  made 
that  //  is  a  function  of  p  only,  antl  not  of  tlie  direction. 
Such  an  assumption  is  only  allowable  as  long  as  we  confine 
ourselves  to  the  consideration  of  menu  values.  ^  (p)  will 
thus  represent  the  mean  density  at  distance  p,  etc. 

ScHiAPAKELLi  has  sliowii  that,  tvhaterer  be  the  distri- 
bution of  the  liniiinnsities,  if  we  assume  the  star-density  to 
be  constant  for  all  distances,  we  will  have 


(••5) 


i\'„  =  const.  X  li~" 
IT,,,  =  const.  X  /'i,'- 


The  truth  of  the  proposition  is  at  once  evident  from  our 
formulas;  for  if  in  (1)  and  (2)  we  put 

,t  =  hy- 
they  become 


10„ 


PUI 


^{z)^z 


Ji 


^{z)  8z 


Jo  V'V/i, 

in  which,  if  z/(s)  is  constant  for  all  values  of  s,  the  inte- 
grals become  independent  of  //„, . 

The  formula  (4)  will  be  true  in  still  another  case,  riz.  : 
if,  whatever  be  the  Unv  of  the  densities,  we  assume  all  the 
stars  to  have  the  same  luminositj'. 

To  be  rigorously  true,  however,  7r„  must  in  this  case  no 
longer  denote  the  mean  parallax  of  all  the  stars  of  magni- 
tude m.  —  -J  to  m  +  i,  but  merely  the  parallax  of  the  stars 
of  the  magnitude  m  exactly. 

The  truth  of  the  proposition  is  evident. 

Meanwhile  the  assumption  of  a  constant  star-density  is 
gratuitous;  thatof  a  constant  luminosity  demonstrably  false. 

If,  therefore,  we  refuse  to  admit  either  of  these  hypothe- 
ses, the  equations  (3)  and  (4)  will  cease  to  hold,  and  such 
conclusions  as  those  of  Comstock  and  Pickekixg  about 
an  appreciable  absorption  of  light,  which  implicitly  are 
based  on  them,  lose  their  cogenej-. 

We  may  go  a  step  further. 

In  Publications  No.  11  of  the  Astronomical  Laboratorj- 
at  Groningen,  p.  19,  I  derived  both  the  functions  ^  and 
z/  from  considerations  about  the  proper  motions  together 


Table  5 : 


with  the  argument  tt; 


with  otlier  data,  in  the  tacit  assumption  that  no  appreciable 
extinction  of  light  exists  in  our  stellar  system. 

On  page  19  of  that  paper  have  been  given  various  solu- 
tions for  the  quantities  which,  in  our  present  notation,  are 

z/(0) 
Table  G  :      log  J  (0)  +  log  i/r  (L)  both  with  the  argument, 

log  L  and  with  the  argument  M. 
In  order  to  see  what  can  be  derived  from  the  knowledge 
of  these  functions,  I  have  sought  to  represent  them  analyt- 
icallj-.     After  a  few  trials  I  found  the  following  forms : 
,,,        «-.  mod.       ...    ,   ,„ 


■sJnL 


(«) 


in  which,  for  the  solution  I',  tlie  constants  have  the  values, 

J(0)    =    111.0  \ 

T  =    1.400  / 

a-  =  0.385  (7) 

/3  =  0.0220  \ 

y  =  0.0052  ' 

They  represent  the  numbers  derived  from  the  observa- 
tions as  follows  : 

Table  I :     logz/(0)  +  log./'. 


M 

logL 

Obs. 

Comp. 

O 

-C 

—  6.55 

4.82 

4.60-10 

4.24-10 

+  0..36 

—  5.55 

4.42 

5.17 

5.08 

-1- 

.09 

-4.55 

4.02 

5.928 

5.853 

+ 

.075 

-.S..55 

3.62 

6..586 

6.576 

+ 

.010 

—  2.55 

3.22 

7.210 

7.247 

_ 

.037 

—  1.55 

2.S2 

7.815 

7.863 

_ 

.048 

—  0.55 

2.42 

8.380 

8.426 

_ 

.046 

0.45 

2.02 

8.922 

8.936 

— 

.014 

1.45 

1.62 

9.413 

9.392 

-1- 

.021 

2.45 

1.22 

9.839-10 

9.795-10 

+ 

.044 

3.45 

0.82 

0.190 

0.144 

+ 

.046 

4.45 

0.42 

0.478 

0.440 

-1- 

.038 

5.45 

0.02 

0.680 

0.682 

— 

.002 

6.45     - 

-0.38 

0.836 

0.870 

— 

.034 

7.45     - 

-0.78 

1.026 

1.006 

+ 

.020 

8.45     - 

-1.18 

1.102 

1.086 

+ 

.016 

9.45     - 

-1.58 

(1.10) 

1.115 

(- 

.015) 

10.45     - 

-1.98 

(1.11) 

1.09 

(  +  0.02) 

Table  II. 

^(P) 

^(0)- 

TT 

P 

4I!-- 

4|co.p. 

0- 

-C 

0.00118 

84.7 

0.162 

0.151 

+  0.011 

.00187 

53.5 

.292 

.303 

—  . 

Oil 

.00296 

33.8 

.465 

.473 

—  . 

ao8 

.00469 

21.3 

.684 

.667 

+  . 

D17 

.00743 

13.5 

.852 

.857 

_  . 

>05 

.0118 

8.47 

.945 

.958 

_   . 

013 

.0187 

5.35 

0.984 

.990 

_   . 

006 

.0296 

3.38 

1.000 

.998 

+  0.002 

.0469 

2.13 

0.980 

1.000 

.0743 

1.35 

.957 

1.000 

.118 

0.85 

.933 

1.000 

0.204 

0.49 

0.929 

1.000 
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In  the  last  table  I  leave  out  the  last  values  of  0  — C, 
because,  for  reasons  given  in  Publication  11,  the  decrease 
in  the  densities  derived  from  the  observations  for  small 
distances  is  probably  illusory.  Bearing  this  in  mind,  the 
representation  seems  to  be  quite  satisfactory. 

If  now  we  introduce  these  functions  into  the  formulas 
(1)  and  (2),  replacing  at  the  same  time  the  brightness  h„ 
by  the  apparent  magnitude,  by  means  of  the  relation 

(8)  log  A,„  =  2.200  -  0.4  m 
and  putting 

(9)  G  =  2.200  -  2'  =  0.800 


(10) 


(11) 
(12) 


»/>-a--  ;  G-OA  m  +  2  loR  /,p  g 


T   — 


T, 


N^  = 


107r„  = 


[C_-0.i„.  +  2Iobp3"  g 
;-«.4m+2l0B(>P  g 


4«V^.mod.J(0) 

K 
^'3  +  ^3^2 


{T,  +  IH\) 


We  have  to  remark  : 

1st.  That,  as  was  shown  in  Publication  11,  \f;  is  not 
greatly  altered,  if  we  change  the  data  on  which  its  deriva- 
tion rests  within  reasonable  limits.  That,  on  the  contrary, 
the  determination  of  the  J  is  only  quite  provisional ;  its 
discussion  being  deferred  to  a  subsequent  communication 
because  other  data  have  to  be  taken  into  account  besides 
those  used  in  Publication  11.  Among  these,  in  the  first 
line,  just  such  accurate  determinations  of  the  total  numbers 
of  stars  of  different  magnitude  as  have  been  recently  given 
by  Prof.  Pickering. 

2d.  That,  for  the  computation  of  the  integrals  (10) 
both  the  functions  \j/  and  J  must  be  assumed  to  be  given 
by  the  formulas  (5)  and  (6)  for  values  of  L  and  p  ranging 
from  zero  to  oo  ,  whereas,  even  by  somewhat  straining  the 
observations  (as  has  been  done  in  Publication  11)  ^  is  only 
determined  from  log  L  =  4.82  to  log  L  =  — 1.98  ;  J  only 
from  p  =  0    to   p  =  85. 

For  the  determinations  which  follow,  and  which  do  not 
extend  to  apparent  magnitudes  below  11.0,  the  assumption 
seems  permissible  for  i/^.  For  the  J  the  prolongation  of 
the  observed  curve  bej'ond  the  limits  of  the  observation  is 
far  more  hazardous.  To  obviate  this  difficulty,  to  a  certain 
extent,  I  will  replace  the  value  (7)  of  .  /  (0)  by  the  value 

(13)  J(0)  =  136.9 


which  is   derived   from  the    observed   numbers 

PiCKEKING. 


i>y 


Still  it  will  be  well  to  say  that,  for  the  reasons  given,  the 
deductions  which  will  presently  be  made  are  to  be  regarded 
as  in  every  respect  /irovisional ;  they  are  on/y  meant  as  an 
illustration  of  the  possibility  of  representing  the  data  of 
observation,  without  having  recourse,  either  to  the  assump- 
tion of  an  appreciable  amount  of  extinction,  or  to  empirical 
formulas. 

The  integrals  (10)  for  the  values  (7)  of  the  constants, 
were  found  by  numerical  integration.  The  results  are  em- 
bodied in  the  following  table  : 


Ta 

BLE  III. 

Value  of 

Intei; 

KALS    7\ 

m 

T, 

7"= 

r. 

T, 

0.0 

2.88 

2.72 

3.43 

7.45 

1.0 

4.33 

3.84 

3.38 

13.71 

2.0 

6.36 

5.24 

3.29 

23.28 

3.0 

9.12 

6.79 

3.17 

36.36 

4.0 

12.69 

8.28 

3.02 

52.17 

5.0 

17.04 

9.39 

2.83 

68.14 

6.0 

21.86 

9.87 

2.61 

80.82 

7.0 

26.63 

9.53 

2.35 

86.85 

8.0 

30.54 

8.42 

2.05 

84.28 

9.0 

32.80 

6.77 

1.71 

73.70 

10.0 

32.84 

4.95 

'1.37 

57.97 

11.0 

30.54 

3.26 

1.04 

40.93 

Only  the  value  for  the  magnitudes  0,  3,  5,  7,  9,  11  were 
directly  computed,  the  rest  were  obtained  by  interpolation. 
Tiie  calculations  were  only  roughly  made,  still  1  hope  that 
no  errors  exceeding  a  few  units  of  the  last  decimal  will  be 
found. 

With  the  aid  of  these  values  I  find  : 


Table  IV. 

Number 

UK  [Stars. 

Mag. 

-^•"O'^-    Ratio 
1  lok. 

.V„  Comp. 
form. (11) 

Ratio 

O— C 

O-C 

Id  rrarUoii 
of  U>U1 

>1.5 
1.5-  2.5 
2.5-  3.5 
3.5-  4.5 
4.5-  5.5 
5.5-  G.a 
6.5-  7.5 
7.5-   8.5 
8.5-  9.5 
9.5^10.5 
10.5-11.5 

23 

'^3  1  ^  OS 
174 

570  '  ^-^ 

52460  :':• 

146  700  :;r' 
."7S500  ;■■;•" 

875100    -"' 

i- 

4o 

161 

564 

1897 

(>  076 

18  420 

.^.2  540 

140  200 

349  100 

808  200 

.3.58 
3.50 
3.3ti 
3.20 
3.03 
2.8.) 
2.07 
2.4fl 
2.32 

+          7 
+          8 
+        13 
+          6 

-  62 

-  278 

-  633 

-  8i> 
+   6  500 
+  29  400 
+  66  900 

+  0.44 
+0.19 
+  0.08 
+  0.01 
-0.03 
-0.04* 
-0.03* 
0.00 
+  0.05 
+  0.08 
+  0.08 

The  deviations  are,  no  doubt,  still  strongly  systematic. 
Still,  if  we  consider  the  provisional  character  of  the  foun- 
dations on  whii'li  the  computations  rest,  and  if  we  bear  in 
mind  that  a  deviation  of  0.06  in  the  last  column  corre- 
sponds to  only  about  0.05  magnitudes,  there  seems  every 
reason  to  be  satisfied.  There  can  hardly  be  any  doubt  but 
that  by  small  improvements   in   tlie  distances,   even   now 
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possible,  together  with  slight  alterations  in  the  value  of 
the  constants  a,  /?,  (1,  well  within  the  limits  of  their  un- 
certainty, we  must  succeed  in  obtaining  a  representation 
of  the  observed  values  as  perfect  as  can  be  desired.  Even 
without  such  an  adjustment  the  phenomenon  of  the  grad- 
ual diminution  of  the  ratio 

number  of  stars  of  magnitude  m  +  1. 
Ti  Ti  Tt  ^ 

with  increasing  in,  which   is    such   a    striking  feature   in 


Pickering's  investigation,  is  well  shown  (see  columns  3 
and  5  of  Table  IV). 

In  comparing  the  parallaxes  I  will  reduce  all  the  results 
to  what  would  have  been  found,  if  for  the  velocity  of  the 
solar  system  had  been  adopted  the  value 

18.45  kilom.  pro  second, 

which  value  lies  at  the  base  of  Solution  V  in  Publication  \1 . 
The  numbers  of  Publication  8  must  be  multiplied  by  0.905  ; 
Comstock's  value  for  magnitude  1().5  with  1.08.      "We  get 


Table  V.     Parallaxes. 


Mag. 

n  Obs. 

n  Computed 

0-C 

Form  (12) 

COMSTOCK 

Publ.  8 

Form  (12) 

CoMSTOCK 

Publ.  8 

2.7 

0.0383 

0.037G 

0.0343 

0.0326 

+  0.0007 

+  0.0040 

+  0.0057 

4.1 

.0205 

.0224 

.0211 

.021 8 

-  .0019 

-  .0006 

-  .0013 

5.1 

.0147 

.0159 

.0155 

.0163 

—  .0012 

—  .0008 

-  .0016 

6.0 

.0129 

.0119 

.0121 

.0126 

+    .0010 

+  .0008 

+  .0003 

6.9 

.0089' 

.0092' 

.0096 

.0097 

—  .0003 

-  .0006' 

-  .0007' 

8.6 

.oog;'. 

.00.59' 

.00(;7 

.0060 

+  .000.";' 

-  .0004 

+  .OOO.'J 

10.5 

0.0048' 

0.0039 

0.0046 

0.0034' 

+  0.0009' 

+  0.0002' 

+  0.0014 

I  have  added  the  values  derived  by  Comstock  in  his 
paper  referred  to  above,  and  the  values  computed  with  the 
empirical  formula  of  Publication  8. 

We  see  that  the  observations  are  represented  at  least  as 
well  by  our  formula  (12)  as  by  Comstock's  formula  in 
which  an  absorption  of  light  in  space  is  introduced,  and 
decidedly  better  than  by  our  own  empirical  formula,  on 
which  the  calculations  of  Publication  11  have  been  based. 
Already  this  circumstance  will  make  a  second  approxima- 
tion necessary  for  the  results  of  that  publication. 

In  conclusion,  I  think  it  will  be  admitted  that,  neither 
in  the  number  of  stars  of  various  magnitudes,  nor  in  their 
mean  parallax,  we  have  the  slightest  .indication  of  an  ap- 
preciable absorption  of  light. 

Must  we  conclude  that  there  is  no  sensible  extinction  ? 

I  think  not,  even  if  the  agreement  found  just  now  be- 
tween theory  and  observation  were  far  more  perfect. 

The  computations  of  Publication  11  have  been  carried 
through  in  the  assumption  of  perfect  transparency  of  space. 
I  have  not  yet  tried  how  the  results  will  be  changed  if 
from  the  outset  we  introduce  a  certain  amount  of  extinction. 
As  will  presently  appear  there  is  a  considerable  difficulty 
in  the  way  of  such  a  trial. 

It  seems  hardly  doubtful,  however,  that  if  the  amount 
assumed  is  small,  we  shall  succeed  nearly  as  well  in  repre- 
senting the  numbers  N„  and  7r„  as  in  the  hypothesis  of  no 
extinction  at  all.  We  shall  find,  however,  other  results 
both  for  the  luminosity-curve  and  for  the  star-density  ;  the 
former  will  be  relatively  little  modified,  the  latter  will  be 
changed  fundamentally;  so  much  so,  that  even  with  an 
amount  of  the  extinction  such  as  that  found  by  Comstock, 


we  shall  be  led,  for  the  greater  distances,  to  quite  inadmis- 
sible densities. 

If,  therefore,  we  may  represent  the  N„  and  the  7r„  nearly 
equally  well  with  largely  different  values  of  the  star-densi- 
ties, merely  by  introducing  a  corresponding  value  of  the  ex- 
tinction, vice  versa,  it  is  evident  that  we  cannot  hope  to 
determine  the  law  of  the  densities  from  these  quantities 
alone.  It  seems  pretty  clear  that  of  the  two  unknown  ele- 
ments, absorption  and  star-density,  we  can  make  a  fairly 
approximate  determination  of  the  one  as  soon  as  the  other 
is  given,  and  this  even  with  the  data  at  present  available. 

There  remains  to  find  a  method  which  will  allow  the 
determination  of  the  one  independently  of  the  other. 
The  following  method  for  the  determination  of  the  ex- 
tinction fulfils  this  requirement.  It  rests  on  the  hypothe- 
sis that  \p  (z)  is  the  same  at  different  distances  from  the 
sun  ;  that  is,  it  assumes  that  intrinsically  small  and  bright 
stars  are  mixed  in  the  same  proportions  at  various  dis- 
tances from  the  sun.  Not  only  does  this  hypothesis  seem 
more  plausible  than  any  hypothesis  we  can  make  a  jiriori 
about  the  law  of  the  star-densities,  but  it  is  susceptible  of 
proof  as  soon  as  we  shall  be  in  the  possession  of  the  neces- 
sary data  of  numbers  and  proper  motions  of  sufficiently 
faint  stars. 

Let  us  suppose  in  the  first  place  that  there  is  no  ex- 
tinction ;  suppose  further,  that  we  could  isolate  the  stars 
having  a  determined  parallax  tt.  With  any  determined 
apparent  magnitude  would  correspond  a  determined  abso- 
lute magnitude,  and  simple  counts  of  the  apparent  magni- 
tudes would,  apart  from  a  constant,  depending  on  the  star- 
density  and  the  volume  of  the  shell,  at  once  furnish  us 
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with  the  absolute-magnitude  curve,  by  which  I  will  denote 
the  curve  of  which  the  abscissas  are  the  absolute  magni- 
tudes (-1/),  the  ordinates  the  logarithms  of  the  correspond- 
ing frequencies  (logij/).  The  curve,  as  found  in  Publi- 
cation 11,  is  here  already  contained  in  Table  I. 

Now  imagine  in  the  same  way  isolated  the  stars  having 
the  parallaxes 

7r8'    ,   jtS  ,   ttS'    .... 

The  first  of  these  shells  will  now  also  furnish  the  abso- 
lute-magnitude curve,  which,  when  we  assume  as  above 
that  the  distribution  of  the  luminosities  is  independent  of 
the  distance,  will  be  identical  with  the  former,  only  it  will 
be  displaced  parallel  to  itself  for  just  o/ie  magnitude.  All 
the  other  shells  will  give  identical  curves  ;  they  will  be  dis- 
placed respectively  2  magnitudes,  3  magnitudes,  etc. 

In  the  second  place,  suppose  that  there  is  absorption. 
Then  the  apparent  magnitude  of  the  stars  in  the  various 
shells  will  still  be  distributed  in  identical  frequency-curves, 
which  are  nothing  else  than  the  curve  of  the  absolute 
magnitudes  :  only  the  displacement  will  not  now  be  one 
magnitude  between  two  consecutive  shells,  but 

1  mag.  +  absorption  in  magnitudes  between  tt  and  ttS* 
r~^^     +         ^  ^^  "  "       «-8>and,rS   ^^^' 

Therefore,  the  displacement  of  the  several  curves  will 


at  once  show  whether  there  is  absorption,  and  will  give  the 
means  of  measuring  its  amount. 

Now,  owing  to  our  very  restricted  knowledge  of  the 
parallaxes,  we  are  certainly  unable  as  yet  to  assign  to  the 
individual  stars  their  proper  shells,  but  still,  considerations 
like  those  of  Publication  11,  based  on  the  proper  motions 
and  magnitudes,  which  cannot  here  be  repeated,  will  allow 
us  to  determine,  roughly,  what  number  of  stars  of  the 
several  magnitudes  will  be  contained  in  every  shell.  This 
being  sufficient  for  the  present  purpose,  we  must  be  able, 
at  least  theoretically,  to  determine  the  amount  of  the 
absorption. 

To  show  my  meaning  more  clearly,  and  at  the  same  time 
to  see  how  far  the  data  at  present  available  will  allow  us 
to  go,  I  will  here  present  the  number  of  stars  contained  in 
the  spherical  shells  limited  by  the  parallaxes  0".00100, 
0".00158,  etc.  A  table  of  such  numbers  is  given  in  Publi- 
cation 11  (Table  II).  This  table,  however,  was  obtained 
with  the  aid  of  the  constants  of  what  there  is  called  Solu- 
tion I.  The  present  table  is  based  on  the  improved  values 
of  Solution  V. 

The  magnitudes  below  3.1  were  neglected :  their  number 
is  too  insignificant.  Logarithms  are  given  instead  of  the 
numbers  themselves : 


Table  Yl. 

Log  Number  of  Stars. 

Apparent  Magn 

tudes 

n  Limits 

!Z  Mean 

3.1 

4.1 

5.1 

6.1 

7.1 

8.1 

0.1 

<o'ooioo 

9.778 

0.699  : 

1.398 

2.104 

2.847 

3.685 

4.401 

0.00100-0.00158 

0.00118 

0.301 

0.903 

1.623 

2.294 

2.940 

3.662 

4.289 

.00158-  .00251 

.00187 

0.462 

1.292 

1.964 

2.567 

3.166 

3.782 

4.377 

.00251-  .00398 

.00296 

0.973 

1.471 

2.179 

2.780 

3.344 

3.864 

4.415 

.00398-  .00631 

.00469 

1.167 

1.70S 

2.348 

2.911 

3.443 

3.920 

4.373 

.00631-  .0100 

.00743 

1.292 

1.810 

2.408 

2.947 

3.441 

3.766 

4.230 

.0100  -  .0158 

.0118 

1.358 

1.862 

2.380 

2.885 

3.318 

3.617 

3.974 

.0158  -  .0251 

.0187 

1.328 

1.852 

2.279 

2.730 

3.093 

3.332 

3.620 

.0251  -  .0398 

.0296 

1.236 

1.757 

2.11.5 

2.493 

2.763 

2.950 

3.157 

.0398  -  .0631 

.0469 

1.072 

1.592 

1.850 

2.162 

2.371 

2.500 

2.618 

.0631  -  .100 

.0743 

0.813 

1.352 

1.533 

1.750 

1.927 

1.997 

2.027 

0.100     -  .158 

.118 

0.505 

1.049 

1.140 

1.260 

1.467 

1.476 

1.435 

>0.158 

0.204 

0.301 

0.806 

0.8S1 

1.053 

1.158 

1.149 

1.083 

According  to  what  has  been  said,  every  line  of  this  table 
gives  the  ordinates  of  the  absolute-magnitude  curve  in- 
creased by  some  constant  number,  different  for  each  line. 
We  have  to  see  how  much  it  is  displaced  if  we  pass  from 
one  line  to  another.  This  can  only  be  done  by  noting  the 
exact  place  of  some  definite  point  in  the  successive  curves. 
In  the  absence  of  some  well-defined  maximum  or  minimum 
such  a  determined  point  can  only  be  recognized  by  the  in- 
clination of  its  tangent. 

We  will  thus  have  to  determine  for  the  several  curves. 


at  what  magnitude  the  differential  quotients,  instead  of 
which  we  will  here  take  the  first  differences,  have  cisrtain 
determined  values. 

We  thus  begin  by  forming  the  difference  of  the  con- 
secutive values  of  any  one  line  in  the  preceding  table. 
Finding  these  very  irregular,  I  have  first  thoroughly 
smoothed  them.  I  thus  obtained  the  following  differences, 
D.  The  first  and  the  last  line,  which  gave  precious  indi- 
cations for  the  smoothing  process,  are  now  omitted  as  being 
too  uncertain : 
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Table  VII.     Diffkrence  D. 
Apparent  Magnitudes 


0.00118 
.00187 
.0029G 
.00469 
.00743 
.0118 
.0187 
.0296 
.0469 
.0743 

0.118 


Care  was  taken,  of  course,  to  get,  in  the  smoothed  curves, 


0.702 

0.690 

().i;77 

0.66." 

0.648 

0.631 

.675 

.660 

.644 

.626 

.606 

.584 

.644 

.626 

.606 

.584 

.560 

.532 

.612 

.591 

.567 

.540 

.509 

.474 

.579 

.553 

.524 

.492 

.454 

.409 

.543 

.512 

.477 

.435 

..386 

.330 

.498 

.461 

.416 

.364 

.305 

.238 

.452 

.405 

.351 

.289 

.218 

.135 

.402 

.348 

.286 

.214 

.130 

.040 

.359 

.298 

.228 

.146 

.056 

-.034 

0.320 

0.254 

0.177 

0.089 

-0.001 

-.091 

the  differences  of  the  J>  equal  for  equal  values  of  1>; 
besides  tlie  mean  amount  of  the  vaJues  of  any  one  line  will 
be  found  to  be  practically  the  same  as  that  of  the  un- 
sraoothed  differences  of  Table  VI,  provided  that  the  weight 
of  the  numbers  corresponding  to  the  magnitudes  3.6,  7.6, 
8.6,  which  are  the  most  uncertain,  is  assumed  to  be  0.36 
that  of  the  others. 

15y  interpolation  I  got  from  this  table  the  magnitudes 
corresponding  to  the  differences  I)  =  130,  180,  .  .  .  .  ; 
that  is,  the  magnitudes  corresponding  to  one  and  the  same 
point  of  the  absolute-magnitude-curve,  characterized  by  a 
first  difference  130,  to  the  point  characterized  by  the  differ- 
ence ISO,  etc. 

We  thus  finally  obtain  the  following  summary  : 


Table  VIII. 

Identical  Foixts  of  ABSOLUTE-MAGNiTUDE-CuR^Ti. 

jr 

X>  =  130 

ISO 

230 

280 

330 

380 

430 

480 

530 

580 

530 

0.00118 

.    . 

.    .          8.6'    1 

.00187 

8.8 

3.4 

.OOl'OO 

8.7 

6.8          4.4     1 

.004(;9 

8.5 

6.9 

5.1 

.00743 

8.1 

6.9 

5.4 

3.6 

.0118 

8.6 

7.7 

6.7 

5.5 

4.0 

.0187 

8.7 

8.6 

7.2 

6.3 

5.3 

4.1 

.0296 

8.6^ 

8.1 

7.4 

6.7 

5.9 

5.1 

4.1 

.0469 

7.6 

7.0 

6.4 

5.7 

4.9 

4.0 

.0743 

6.8 

6.2 

5.6 

4.9 

4.1 

3.2: 

0.118 

6.1 

5.5= 

4.9 

4.2 

Greatest  displac. 

2.5=         2.5« 

3.8 

3.8 

4.5 

4.5 

4.0 

4.4 

4.7 

5.2 

1.2= 

Tlieo.  no  absorpt. 

3.0 

3.0 

4.0 

4.0 

4.0 

4.0 

3.0 

3.0 

3.0 

3.0 

i.O 

"    abs.  CoMST. 

3.5 

3.5 

4.8 

4.8 

5.3 

5.3 

4.8 

5.9 

7.5 

10.2        11.2 

At  the  bottom  of  the  table  have  been  given,  in  the  first 
line,  the  greatest  observed  displacement  of  the  curve ;  in 
the  second,  the  corresponding  theoretical  displacement 
required  in  the  theory  of  perfect  transparency  of  space ; 
in  the  third,  the  theoretical  displacement  required  if  we 
accept  the  absorption  found  by  Comstock. 

The  absorption  for  a  star  of  parallax  -n-  (seconds  of  arc) 
has  been  computed  by  the  formula 

(14)  absorption  expressed  in  magnitudes  =  — — 

a  representing,  in  magnitude,  the  loss  of  brightness  of  a 
star  when  its  light  traverses  the  unit  of  distance  (corre- 
sponding to  TT  =  0".l). 

The  result  of  Comstock,  expressed  in  this  way,  is 

(15)  a  =  0.18 

In  reasoning  on  these  quantities  we  have  to  bear  in 
mind  that  our  tables  are  very  uncertain  for  the  very  small- 
est parallaxes  ;  and  further  that,  on  account  of  the  small- 
ness  of  the  curvature  of  our  curves  for  these  same  parallaxes, 
evident  from  the  smallness  of  the  D,  the  values  correspond- 


ing to  the  differences  530,  580,  630,  are  still  far  more 
uncertain  than  the  rest. 

It  is  further  evident  that,  even  apart  from  any  possible 
influence  of  absorption,  our  tables  show  still  very  appre- 
ciable traces  of  systematic  error,  due  no  doubt  partly  to 
the  imperfectness  of  our  empirical  formulas  for  the  dis- 
tances borrowed  from  Publication  No.  8,  for  the  greater 
part,  however,  to  the  very  incomplete  data  furnished  by 
observation.  It  is  evident  how  much  better  results  we 
would  have  been  able  to  reach  if,  in  the  discussions  of 
Publication  11,  the  data  for  the  proper  motions  of  the 
stars  of  the  7th,  8th  and  9th  magnitude  had  been  as 
reliable  as  those  of  the  brighter  classes,  and,  a  fortiori,  if 
we  had  disposed  of  a  somewhat  extensive  series  of  such 
determinations  as  those  given  by  Comstock  for  stars  of  the 
magnitude  10  to  12. 

As  matters  stand  it  seems  unsafe  to  draw  any  more 
definite  conclusions  than  the  following : 

Our  numbers  do  not  support  the  theory  of  an  absorption 
of  the  amount  found  by  Comstock.  They  are  well  recon- 
cilable with  an  absorption  of,  say,  one-third  the  amounts 
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I  am  not  inclined,  however,  to  admit  even  an  absorption 
of  the  latter  amount,  at  least,  before  we  possess  much  more 
cogent  reasons. 

The  reason,  already  mentioned  above,  is  that,  as  soon  as 
we  admit  the  existence  of  a  somewhat  considerable  ex- 
tinction of  light,  we  must  at  the  same  time  admit  a  star- 
density  which,  at  great  distances  from  the  sun,  increases 
with  enormous  rapiditj-.  These  densities  will  be  derived 
in  the  manner  explained  in  Publication  11.  We  may, 
however,  get  a  rough  estimate,  almost  without  computation, 
by  the  aid  of  the  following 

Proposition. 

If  the  absolute-magnitude-curve  were  an  infinite  straight 

line,  then  the  number  of  stars  N„  and  the  mean  parallaxes 

7r„  are  equallj'  well  represented,  whatever  value  «  of  the 

absorption-coefficient  we   adopt,   provided  we  assume  the 


Number  of  stars 
of  app.  mag. 


kI3-\      k.       kP 
I  —  1 ,    m ,    H(  +  1 


If  these  stars  are  viewed  through  a  medium  absorbing  /> 
magnitudes,  all  the  magnitudes  will  be  increased  by  p, 
and  we  shall  have  the  same  number  of  stars  as  before,  only 
the  number  «  which  belonged  to  the  magnitude  m,  will  now 
belong  to  magnitude  m  +jj,  etc.     So  that  we  will  have 

Number  of  stars      ....       k/8    ',  k  k/3         .... 

of  apparent  mag vi+j) — 1,  m+p,  m+p+l  .  .  .  . 

If  now,  however,  we  imagine  the  star-density  of  the 
shell  increased  in  the  proportion  of  1  to  P'',  or,  according 
to  (14)  in  the  proportion  of 

1  to  P^ 

the  numbers  (C)  will  be  multiplied  by  /J',  and  there  will 

be 

Number  of  stars      ....      k/S"^',       k/SJ-        k/J''-'       .... 

of  apparent  mag ?»+^y  — 1,  m+ji,  i/i+ji  +  l  .... 

that  is,  the  series  extending  to  infinity  both  ways,  the 
number  of  stars  of  the  several  magnitudes  will  have  become 
identical  with  the  numbers  in  the  case  («)  of  absolute 
transparency  of  space. 

As  the  same  reasoning  liolds  for  any  spherical  shell,  the 
truth  of  the  proposition  becomes  at  once  evident. 

We  take  advantage  of  it  in  order  to  obtain  an  estimate 
of  the  densities,  at  various  distances  from  the  sun,  to 
which  we  would  be  led  by  the  more  refined  process  of 
Publication  11,  when,  instead  of  a  =  0,  we  assume  a  sensible 
value  of  this  coefficient.  For  this  purpose  we  have  only  to 
remark  that,  according  to  Table  I,  tlie  curve  of  the  abso- 
lute magnitudes  does  not  deviate  very  strongly  from  a 
straight  line,  for  which  /3  =  3.8,  for  the  stars  exceeding 
in  brightness  those  of  absolute  magnitude  +2.45. 


densities  at  different  distances  from  the  sun  to  be  greater 
than  those  obtained  in  the  hypothesis  '/  =  0,  in  the  pro- 
portion of  1  to 

wliere 

number  of  stars  of  absolute  mag.  M+ 1 


31 


(16) 


which,  in  our  supposition,  will  be  a  constant  quantity. 

The  demonstration  is  extremely  simple. 

Imagine  an  infinitely  thin  spherical  shell  around  the  sun 
as  a  center.  The  apparent  magnitudes  of  the  stars  in  this 
shell  will  differ  by  a  constant  quantity  from  their  absolute 
magnitudes.  Now,  as  in  our  supposition  the  numbers  of  the 
stars  of  absolute  magnitude  .  .  .  J/— 1,  J/,  -V+1  .... 
will  form  an  infinite  geometrical  series,  we  shall  also  have 
first  in  the  case  of  absolute  transparency. 


m  +y>  —  1 ,     m  +p, 


i+p  +  1 


(«) 


Now,  in  applying  the  method  of  Publication  11,  not  only 
the  total  number  of  stars  .^'„ ,  and  the  mean  parallax  tt.  will 
be  well  represented,  but  also  the  respective  number  of  stars 
of  different  apparent  magnitude,  contained  in  spherical 
skell.i  included  between  determined  values  of  TT.  Any  theory, 
to  be  acceptable,  must  be  able  to  do  that.  Such  numbers, 
therefore,  as  those  of  Table  VI,  which  have  been  derived 
from  considerations  completely  independent  of  the  exist- 
ence or  non-existence  of  absorption,  must  be  separatel;/ 
represented. 

If  we  confine  our  attention  to  stars  of  apparent  magni- 
tude 9.0  or  brighter,  the  only  stars  of  which  the  data 
furnished  by  observation  are  at  all  entitled  to  confidence, 
we  find  from  the  formulas. 


M  =  III +5  + 5  log  ir 


(no  absorption) 


) 


J/ 


1+5  +  5  los;^  — 


T-—  (absorption  coeff.  =  a)    i 


-  (17) 


that,  whether  there  be  absorption  or  not,  the  absolute  bright- 
ness of  these  stars  must  exceed  that  of  absolute  magnitude 
2.45  as  long  as     ^  <  0".004!1. 

Therefore,  so  far  as  the  stars  9.0  or  brighter  are  con- 
cerned, the  absolute-magnitude-curve  is  approximately  a 
straight  line  (fi  =  3.S)  for  all  parallaxes  below  0'.(1049. 

For  these  stars,  accordingly,  our  proposition  will  ap- 
proximately hold.     Applying  it,  we  have  only  to  multiply 

the  numbers  of  Table  II    by  3.8^    to  find  the  following 

densities,  which  must  at  least  give  a  fair  idea  of  the  order 
of  the  quantities  to  which  a  more  rigorous  process  would 
lead. 
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Tablk  IX.  Densities  for  Various  Values  of  a. 

COMSTOCK 

ir 

«=0.00 

0.01     0.03    0.05     0.10        0.15           0.20 

0.180 

0.010 

0.001  IS 

0.102 

o.r)0   -J. 8   -10   i;!ono   .ssooouo   loonnooooo 

1 1 0  000  000 

0.90 

.00187 

0.2'.»2 

0.00    2.4    10      ;?70      l.'iOOO        40(1000 

1  10(101) 

0.1(2 

.0021)0 
.0046'.) 
.000 


0.40") 
0.084 
1.000 


0.'.)1 
1.00 


l.S 

i.i; 

1.0 


40 
12 

1 


400 


lOOO 
120 


1 


o.yo 

1.08 
1.00 


The  table  well  shows  the  sort  of  ditliculties  into  which 
we  get  if  we  assume  an  extinction  of  light  of  the  order  of 
that  found  by  Comstock. 

We  shall  not  even  be  able  to  ascertain  whether  or  not 
the  results  of  such  an  assumption  lead  to  the  right  results 
for  the  parallaxes  and  the  numbers  of  stars,  because  we  do 
not  know  how  to  prolong  the  series  of  values  for  the  density 
for  still  smaller  parallaxes.  If  we  try  to  extrapolate,  we 
soon  will  be  led  to  such  extravagant  values  that  their 
reality  becomes  a  physical  impossibility. 

But  even  if  we  stop  at  parallaxes  of  0".003,  it  must  be 
admitted  that  we  have  alreadj'  to  do  with  densities  which 
are  in  the  highest  degree  improbable,  especially  as  they 
require  us  to  assume  for  the  sun  a  very  exceptional  po- 
sition in  space. 

For  smaller  values  of  a  the  difficulty  diminishes  rapidly. 
Still  its  value  must  have  diminished  to  about  0.010  before 
we  reach  somewhat  uniform  density.  There  thus  can  be 
no  serious  doubt  but  that  a,  if  it  reaches  a  sensible  amount, 
must  be  of  the  order  of  a  few  hundredths.  The  difficulties 
in  the  way  of  the  exact  determination  of  so  small  a  quan- 
tity must  be  evident  from  what  precedes.  Yet  on  this 
determination  will  depend  our  knowledge  of  the  true  star- 
density  at  various  distances  from  the  sun.     It  therefore 
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becomes  unavoidable  to  consider  in  what  way  those  diffi- 
culties can  be  removed. 

What  we  need  most  of  all  is  evidently  a  great  number 
of  accurate  proper  motions  of  very  faint  stars.  Comstock 
has  shown  how  we  can  obtain,  even  now,  very  reliable 
materials. 

In  a  pajier  now  going  through  the  press,  by  De  Sitter 
and  myself,  were  derived  proper  motions  from  photographs 
taken  with  an  interval  of  four  or  five  years.  The  results 
prove  that  with  photographs  taken  with  an  interval  of, 
say,  fifteen  years,  we  can  get,  with  relatively  very  little 
trouble,  proper  motions  exceeding  in  accuracy  the  proper 
motions  of  the  Bradley  stars.  It  may  not  seem  too  san- 
guine, therefore,  to  hope  that  in  the  near  future  some 
astronomer  will  iindertake  the  work  of  determining  accu- 
rate proper  motions  of  some  thousands  of  stars  from  mag- 
nitude 8  downward  to  stars  as  low  in  the  scale  as  can  be 
photographed  in  a  reasonable  time.  This  work  would  be 
of  inestimable  value  even  apart  from  the  determination  of 
the  extinction  of  light,  and  I,  for  my  part,  most  cordially 
agree  with  the  opinion  of  Prof.  Comstock,  that  such  proper 
motions  will  furnish  precisely  the  kind  of  data  most  needed 
"for  promoting  our  knowledge  of  the  structure  of  the  stel- 
lar S3'stem.'' 


EPHEMERIS  OF  ENCKE'S   COMET, 

By  KAMIXSKY  and  OCOULITSCH  (from  ^..V.  3962), 
0"  Berlin  M.T. 
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a  app. 

8  app. 

logr 

log  A 
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1  51  3 

+  21  10.2 

0.3085 

0.2634 

15 

51  41 

+  21  27.5 
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0.2528 

17 

52  13 

+  21  45.0 

0.3615 

0.2421 

19 

52  38 

+  22  2.4 

0.3579 

0.2312 

21 

52  57 

+  22  19.8 
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0.2201 

23 
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+  22  37.4 
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25 
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+  22  55.1 
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0.1970 

27 

53  11 
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29 
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31 
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52  25 
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0.1547 

2 
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Ab 

T. 
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14 

14 
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14 

30 
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13 
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27 

13 

5 

12 

44 

12 

23 

12 

2 

11 

52 

11 

42 
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50 
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4 

51 

28 
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5 

51 

4 
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6 

50 

36 
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50 

6 
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10  52 

8 

49 

33 
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10  42 

9 

48 

57 
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0.1031 

10  32 

10 

48 

18 
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11 

47 

35 

+  25  25.1 
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0.0896 
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12 
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38 
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13 

45 

5S 
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14 
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5 
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9  44 
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DEVELOPMENT  OF  FUNCTIONS  IN  POWEK  SERIES  FROM  SPECIAL  VALUES, 

By  G.  W.  hill. 


It  is  often  desirable  to  develop  complicated  functions  in 
powers  and  products  of  small  parameters,  and  frequently 
the  readiest  method  for  accomplishing  this  is  the  derivation 
of  the  coefficients  from  values  of  the  function  correspond- 
ing to  definite  values  of  the  parameters.  In  case  we  mean 
to  retain  all  the  terms  of  the  development  corresponding  to 
definite  powers  of  each  parameter,  regardless  of  the  order 
of  smallness  of  the  resulting  terms,  the  course  to  be  pur- 
sued is  plain ;  but  when  we  wish  to  retain  only  terms  of 
certain  degrees  of  smallness,  the  process  to  be  followed  is 
not  so  evident.  So  far  as  I  am  aware  there  does  not  exist 
any  treatment  of  the  subject  with  the  mentioned  limitation. 
A  general  exposition  of  the  principles  involved  in  the 
method  would  doubtless  demand  a  complicated  notation. 
But  the  details  of  the  process  in  a  special  case  will  readily 
suggest  what  ought  to  be  done  in  any  other.  An  example 
from  astronomy  will  illustrate  the  matter. 

Let  W  he  a,  function  of  the  radii  of  two  planets.  In 
Gylden'.s  method  of  treating  planetary  motion  it  is  well 
known  that  the  latter  are  to  be  replaced  by  the  substi- 
tutions 

'  ""  -i+ricosF  '  '  "  1+,,'cos/'' 
where  a  and  n'  are  constants  having  known  or  assumed 
values,  but  the  other  symbols  denote  variables,  rj  and  ij' 
being  always  of  the  first  order  of  smallness.  For  our  pur- 
poses it  will  be  more  convenient  to  write  these  substi- 
tutions thus : 

i-.'y      ,       ,1-y 

l+.r  1+x' 

where  j-  and  x'  are  of  the  first  order,  and  >j  and  ij'  of  the 
second.  It  is  required  to  develop  W  in  a  series  of  powers 
and  products  of  the  four  parameters  x,  x'  ij,  y',  it  being 
granted  that  all  terms  of  an  order  beyond  the  eighth  may 
be  neglected.  The  questions  are  :  How  many  special  values 
of  ir'is  it  necessarj'  to  compute,  and  for  what  combination 
of  values  for  the  parameters,  and  how  shall  the  elimination 
be  conducted  if  unnecessary  labor  is  to  be  avoided  ? 


First,  we  note  the  number  of  terms  in  the  development. 
They  are 


1 

= 

1  term  of  the    zero  order 

2 

= 

2  terms  of  the  first       " 

3  +  2.1 

= 

5  terms  of  tlie  second  " 

4  +  2.2' 

— 

8  terms  of  the  third      " 

5  +  2..3  +  3.1 

= 

14  terms  of  the  fourth    '■ 

6  +  2.4  +  3.2 

= 

20  terms  of  the  fifth       " 

7  +  2..5  +  3.3  +  4.1 

= 

30  terms  of  the  sixth      " 

8  +  2.6  +  3.4  4-  4.2 

= 

40  terms  of  the  seventh" 

9  +  2.7  +  3.5  +  4.3  +  5.1 

= 

55  terms  of  the  eighth    " 

Sum 

= 

175 

It  will  be  perceived  that  the  number  of  terms  in  each 
order  is  not  a  continuous  function  of  the  degree  of  the 
order;  this  is  because  the  parameters  are  not  all  of  the 
same  order.  It  appears  then,  that  175  special  values  of 
W,  provided  they  correspond  to  combinations  of  values  of 
the  four  parameters  having  a  determinate  qualit}-,  will 
enable  us  to  discover  the  coefficients  we  are  in  quest  of. 
The  elimination  necessary  in  this  method  is  much  facili- 
tated when  the  several  values  of  the  same  parameter  form 
an  arithmetical  progression  of  which  one  term  is  zero;  we 
accordingly  adopt  this  restriction.  Let  us  suppose  that 
the  common  difference  of  the  values  of  the  parameters  j- 
and  .r'  is  </,  and  that  of  ij  and  y'  is  d'.  Then  it  is  evident 
that  our  choice  of  combinations  may  be  limited  to  those 
indicated  by  the  following  scheme,  where  to  this  is  added 
an  exemplification  for  d  =  0.02  and  ;/'  =  0.0025. 


X 

x' 

?/ 

y' 

d 

d 

d' 

d' 

X 

x' 

y 

.'/' 

-4 

-4 

-o.os 

—  O.OS 

—  3 

-3 

-0.06 

-0.06 

—  2 

—  2 

—  2 

—  2 

-0.04 

-0.04 

-0.0050 

-  0.0050 

-1 

-1 

-1 

-1 

-0.02 

-0.02 

-0.0025 

-0.0025 

0 

0 

0 

(1 

0.00 

0.00 

0.0000 

0.0000 

1 

1 

1 

1 

0.02 

0.02 

0.0(125 

0.0025 

.3 

- 

- 

- 

0.04 
0.06 

0.04 
0.06 

0.0050 

0.0050 

4 

4 

O.OS 

O.OS 

Every  one   of   these    specified  values  for   the    parameters 
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must  be  included  in  our  combinations ;  but  we  need  not 
employ  every  combination  arising  from  the  preceding 
scheme.  For  the  latter  are  in  number  =  9x0x5X5  =  2025, 
between  11  and  12  times  the  number  175,  which  we  have 
seen  to  be  necessary.  Also,  by  the  limitation  that  no 
terms  beyond  the  8th  order  are  to  be  considered,  it  results 
that  certain  selections  of  combinations  do  not  afford  inde- 
pendent relations  between  the  coefficients.  We  must  avoid 
such  selections.  This  constitiites  the  delicate  step  of  the 
problem. 

A  system  of  175  linear  equations  with  as  many  un- 
knowns wc^uld  be  unmanageable;  we  therefore  propose  to 
break  the  coefficients,  to  be  determined,  into  groups  which 
can  be  treated  separately.  It  is  evident  that,  as  soon  as 
any  group  of  coefficients  is  determined,  it  is  possible  to  esti- 
mate the  values  of  the  terms  of  JC  which  involve  them,  cor- 
respondent to  any  values  we  please  of  the  four  parameters. 
We  therefore  suppose  that,  in  the  treatment  of  any  group, 
from  the  special  values  of  W  are  always  subtracted  the 
correspondent  special  values  of  the  terms  involving  the  co- 
efficients of  all  the  preceding  groups;  so  that  the  remain- 
ders constitute  the  special  values  of  the  function  equiva- 
lent to  the  terms  still  to  be  determined. 

We  may  write  (using  the  symbol  .-1  for  the  general 
coefficient). 


'--Hwrn. 


where  the  exponents  are  integers  not  negative.  It  is  pre- 
ferred to  determine  the  coefficients  under  this  form  because 
then  the  factors  of  the  unknowns  in  the  equations  are 
always  integers.  After  the  A  are  got  in  this  way,  the  co- 
efficients, corresponding  to  the  form 

are  obtained  simply  by  dividing  each  A  by  the  factor 
d'+''  d'''*'''  which  belongs  to  it. 


The  separation  of  the  groups  just  mentioned  is  defined 
by  the  vanishing  or  non-vanishing  of  the  exponents  i,  !', 
j,j'.  Sub-groups  may  be  formed  upon  the  parity  or  im- 
parity of  the  same  exponent;  by  taking  half  the  sum  and 
difference  of  two  equations  in  which  one  of  the  parameters 
receives  in  one  case  a  positive  value,  and  in  the  other  the 
correspondent  negative  value,  the  values  of  the  others 
remaining  the  same,  it  is  evident  the  equations  will  be 
broken  into  two  involving  separate  classes  of  coefficients. 
This  operation  repeated  again  with  two  more  equations, 
and  in  reference  to  another  parameter,  will  be  called  the 
disintegrating  operation. 

Each  special  combination  of  values  for  the  parameters 
for  each  computed  value  of  W  will  be  indicated  by  writing 
the  correspondent  values  of 

X      x'      y       y' 
d'  d    '  d'  '  d> 

in  sequence ;  and  we  shall  number  these  combinations  in 
the  order  in  which  they  come  into  use  from  1  to  175.  Any 
four  combinations  to  be  subjected  to  the  disintegrating 
operation  will  be  bracketed.  When  we  have  occasion  to 
note  a  group  of  equations,  only  the  multipliers  of  the  un- 
knowns which  are  integral  will  be  set  down ;  the  sign  will 
be  indicated  only  when  it  is  negative;  the  absolute  term 
and  the  sign  of  equality  will  be  omitted. 

Group  I  is  established  by  the  condition  i  —  i'=j  =j'=0, 
and  the  correspondent  coefficient  of  JV  is  the  value  for  the 
argument 

d'  d  '  (V  d' 
1  0     0     0     0 


No.  of  Comb. 


Group  II  is  defined  hj  the  condition  that  three  out  of 
the  four  exponents  vanish.  Four  sub-groups  are  formed 
by  considering  which  one  of  the  four  has  the  finite  value. 
The  combinations  to  be  used  are  (with  the  sub-groups  indi- 
cated), 


Xo.  Comb. 

Argument      No.  Comb 

Argument 

No.  Comb.     Argument 

Vo.  Comb 

Argument 

o 

-4000 

10 

0-400 

18         0  0-20 

22 

0   0   0-2 

3 

-3000 

11 

0-300 

19         0  0-10 

23 

0  0   0-1 

4 

-2000 

12 

0-200 

1         0  0       0  0 

1 

0  0  0        0 

5 

-10  0  0 

13 

0-100 

20         0  0       10 

24 

0  0  0       1 

1 

0  0  0  0 

1 

0       0  0  0 

21         0  0       2  0 

25 

0  0  0       2 

6 

10  0  0 

14 

0       10  0 

7 

2  0  0  0 

15 

0       2  0  0 

8 

3  0  0  0 

16 

0       3  0  0 

9 

4  0  0  0 

17 

0       4  0  0 

The  24  coefficients  of  the  pure  powers  of  the  parameters 
are  obtained  by  differencing  the  special  values  of  W  for 
the  arguments  in  each  group.  In  the  case  of  the  differ- 
ences of  odd  orders  we  suppose  half  the  sum  of  the  adjacent 
differences  to  belong  to  the  argument  of  the  function  on 


the  same  line.  Let  D"  denote  the  coefficient  belonging  to 
the  «""  power  of  the  parameter  considered.  We  write  in 
the  formulas  only  the  differences  necessary  in  our  special 
case  ;  and  thus  : 
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A'               A' 

1!X.=  A  -    .   :^+u|= 

- 

U 

X  and  x',  they  are,  in  every  case,  divisible  by  the  prodact 
rx'.     After  this  division  they  will  have  the  form 

2izr-=  y--  ^^^^+^1^^^^^ 

T^li-. 

.3     ^^ 

+  A^  x-+A^' 

3!/>'=  A'-    1    A^-t-rSjA' 

+  ^,  x^+A^xx'  +A.x<- 

■i:i>'=  A^-  ^i  A»+3iB-i' 

+  A^  x'+A^'x'  +  aIxx'-   +A^'* 

5 !  n'=  A^  -  J  A' 

+A,^*+A^^x^x'+A^-x'''+A^x'*  +A,,i'* 

6!i/=   A«-    J    A^ 

+A^.x^+  A,^*x' + A^^*x''+ A^^V*+ A^^x'* + J^" 

7  !  />■=  A' 

+  .4„,x«+  A^^x'+A^*x'^+  A,^''x'^A^^x'*+A^x'*+A^"' 

8!X»«=  A« 

In  deriving  the  values  of  the  .1  we  cannot  suppose  that 
either   i  =  0    or   x'  =  0.  as  then  the  division  by  xi'  be- 

Group III  contains  the  remaining 

terms 

of  rr 

for  which 

comes  nugatory.     But  by  taking  the  six  groups  of  four 

J  =_/■'  =  0.     Their  number  is  "i«  =  S 

8, 

and 

,  invo 

ving 

only 

combinations  each, 

No.  20 

-1 

-1  0  0  J 

No.  30 

—  2 

-1  0  0   \ 
1  0  0   ' 

No.  34 

—  1 

-2  0  0 

27 

1 

10  0' 

31 

2 

35 

2  0  0 

28 

-1 

1  0  0  ( 

32 

_2 

1  0  0  [ 

36 

—  1 

2  0  0 

29 

1 

-1  0  0  ) 

33 

2 

-10  0/ 

37 

-2  0  0 

No.  38 

o 

-2001 

No.  42 

-3 

-1  0  0  \ 

No.  46 

_1 

-3  0  0 

39 

2 

2  0  0  ( 

43 

3 

1  0  0  f 

47 

3  0  0 

40 

2 

2  0  0  1 

44 

-3 

1  0  0  I 
-1  0  0   1 

48 

—  1 

3  0  0 

41 

2 

-2  0  0  ) 

45 

3 

49 

-3  0  0 

and  applying  to  each  of  these  the  disintegrating  operation, 
we  have,  in  the  first  place,  the  following  equations  determ- 
ining ,4i,  A^,  Jj,  Ay^,  A^.,  .-1,3: 

111111 

1  4  1   10     4     1 

114     1      4  1(> 

1   4  4  16   16  1(! 

1  9  1  81     9     1 

119     1     9  81 
Then  bj-  elimination  in  order,  commencing  at  the  left,  we 
obtain  the  following  groups  : 

10510  1015  045  4 

010  15  0045  500  05 

]15o5  0500  00 

1  0  10  1     0  1  0  1   10 

0  1     0  1   10 

By  returning  on  this  elimination  we  evidently  can  get 
the  values  of  the  six  mentioned  coefficients.  Next,  it  is 
plain  that  the  six  coefficients  A„,  A.,  A^,  A^^,  A^^,  A^,,  and 
again  the  group  of  six,  A^,  .-J,,,  .-i,,,  A„,,  A^^,  A^  are  de- 
termined b}-  equations  having  the  same  integral  coefficients 
as  in  the  group  just  treated,  the  absolute  terms  being  gen- 
erally different.  There  still  remains  to  be  determined  the 
group  of  ten  coefficients,  -1„,  A^,  Jj,  .4,o,  .li, ,  ./„,  ./.,,,  -la, 
ylj5,  A„..  The  sis  groups  of  four  combinations  afford  each 
one  equation  for  this  purpose.  Then  four  additional  equa- 
tions are  necessary.  We  select  the  following  four  combi- 
nations for  giving  these  equations : 

No.  50  3  2  0  0 

51  2  3  0  0 

52  4  10  0 

53  14  0  0 


As  we  know  the  values  of  18  coefficients  of  the  group  we 
can  subtract  from  the  special  values  of  IT  the  special  values 
of  the  corresponding  terms.  We  thus  obtain  10  equations 
involving  only  the  last  group  of  10  coefficients.  They  are 
as  follows : 

111111         111  1 

1     4     1      16     4       1       64     16       4  1 

1  1  4  1  4  16  1  4  16  64 
1  4  4  16  16  16  64  64  64  64 
1  9  1  81  9  1  729  81  9  1 
1  1  9  1  9  81  1  9  81  729 
1  9  4  81  36  16  729  324  144  64 
1  4  9  16  36  81  64  144  324  729 
1  16  1  256  16  1  4096  256  16  1 
1     1   16       1  16  256         1     16  256  4096 

The  elimination  being  conducted  in  the  mentioned  order. 

we  have  the  groups 

1  0     5     1     0     21       5       1       0 

0  10     15       0       1       5     21 

1  1  5  5  5  21  21  21  21 
1  0  10     1     0     91     10       1       0 

0  1  0  1  10  0  1  10  91 
8  3  80  35  15  728  323  143  63 
3  8  15  35  SO     63  143  323  728 

1  0  17  1  0  273  17  1  0 
0  1     0     1   17       0       1     17  273 


10     15  0  1  5  21 

10     4     5  0  16  20  21 

0  1     0     0  14  1  0  0 

1  0     1  10  0  1  10  91 
-5  40  27     7  560  283  135  63 

1     0     4  10  0  16  40  91 

0  10     0  21  1  0  0 

1  0     1   17  0  1  17  273 


0  10     0     5  5  0 

1  0  0  14  1  0  0 
0  0  1  0  0  1  14 
5  4  4  70  36  20  21 

0  3  5     0  15  :«  70 

1  0  0  21  1  0  0 
0  0  1     0     0  1  21 
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10  0  5  5  0 
0  10  0  ]  14 
4  4  0  31  20  21 
3  5  0  15  35  70 
0  0  1  0  0  0 
0  10     0     1  21 


10     0  1  14 

4  0  11  0  21 

10     0  4  14 

0  10  0     0 

10     0  1  21 


0  11  _4  -35 

0     0  15         0 

10  0         0 

0     0  0         7 


l?y  retuniing  on  the  elimination  the  values  of  the  10  co- 
efficients are  obtained. 

Group  IV  contains  those  of  the  remaiiiin<,'  terms  of  If 
for  which  ('  =  /'  =  0.  They  are  divisible  by  yy';  after 
which  they  take  the  form 

.i^  +  A,;/  +  Mj,'  +  .Uy  +  A,!i,j'  +  A,,r 

Here  it    is    not    allowed   to    suppose    that   either  y  or  y' 
vanishes.     We  may  take  the  group  of  six  combinations 


No.  54 

0  0 

-1 

-1  1 

No.  58 

0  0  2  1 

oa 

0  0 

1 

1  1 

59 

0  0  12 

50 

0  0 

-1 

1  f 

57 

0  0 

1 

-1 

The  disintegrating  operation,  performed  on  the  bracketed 
four,  gives  the  values  of  J,,  A„,  A^  besides  one  equation 
between  A^,  A^,  A^.  In  the  two  last  combinations,  by  sub- 
tracting the  terms  corresponding  to  the  former  coefficients, 
we  have  the  three  equations, 

111 
1  4  1 
114 

which  evidently  suffice  for  determining  A„,  A^,  A.^. 

Group  V  contains  those  of  the  remaining  terms  of  W 
for  which  V  —J'  =  0.  These  terms  are  all  divisible  by  .ry, 
after  which  they  take  the  form 

-Jo 
+  A,x 

+  A,x'+A,y 
+  A^  x'  +  vij  xy 
+  A^x*  +  AtX'i/  +  Agi/" 
+  A,x^  +  A,,x^>/  +  A,,xy' 


To  determine  these  12  coefficients  we  compute  the  values 
of  W  for  the  8  combinations 


No.  GO  -1   0  -1  0  ~] 

Gl         1   (I  1  "    I 

02  -10  ]  0    [ 

03  1   0  -1  0  J 


No.  64  -2  0-10"! 

C5  2  0       1  0    I 

66  -2  0       1   0    f 

67  2  0   -1  0  J 


The  apjilication  of  the  disintegrating  operation  furnishes 
for  determining  A^,  A.,,  and  again  for  A,^,  A-^^,  two  equa- 
tions each,  which  groups  are  identir-ally  the  same  as  far  as 
the  numerical  multipliers  of  the  unknowns  are  concerned  ; 
they  are 

1  +  1 

1  +  4 

The  disintegrating  operation  furnishes  besides  two  equa- 
tions for  determining  A^,  A„,  A^,  Ag  and  again  two  for 
Ai,  At,  A^,  J,i  which  groups  are  identical  as  far  as  the 
coefficients  of  the  unknowns  are  concerned.  We  therefore 
need  four  additional  values  of  W,  and  choose  the  combi- 
nations 

No.  68       10  2  0 

69  -1  0  2  0 

70  3  0  1  0 

71  -3  0  1  0 

From  the  special  values  of  W  there  can  be  subtracted  in 
addition  the  values  of  the  terms  which  correspond  to  the  8 
previously  determined  coefficients  of  this  group.  Thus  our 
equations  for  determining  both  groups  of  four  coefficients 
have  the  form,  and,  with  those  derived  by  elimination,  are 


1111 
1  4  16  1 
1114 
1  9  81   1 


I  3  15  0 
0  0  3 
8  80  0 


0  3 
40  0 


Groups  VI,  VII  and  VIII  are  defined  severally  by  the 
conditions  /  =  J'  =  0,  and  /'  =_/  =  0,  and  j  =  i'  =  0  ; 
also  the  equations  belonging  to  them,  in  respect  to  the 
integral  factors  multiplying  the  unknowns,  are  the  same. 
Hence  we  need  only  set  down  the  combinations : 


Group  VI. 


No.  72 

0 

-1 

-1 

0 

1 

No. 

76 

0  -2  - 

-1 

0 

1 

No. 

80 

0 

1  2  0 

73 

0 

1 

1 

0 

! 

77 

0   2 

1 

0 

1 

81 

0 

-12  0 

74 

0 

-1 

1 

0 

78 

0  -2 

1 

0 

82 

0 

3  10 

75 

0 

1 

-1 

0 

J 

79 

0   2  - 

-1 

0 

J 

83 

0 

-3  1  0 

Group  VII. 

No.  84 

-1 

0 

0 

-1 

1 

No. 

88 

-2   0 

0 

-1 

1 

No. 

92 

1 

0  0  2 

85 

1 

0 

0 

1 

89 

2   0 

0 

1 

1 

I 

93 

-1 

0  0  2 

86 

-1 

0 

0 

1 

90 

-2   0 

0 

1 

94 

3 

0  0  1 

87 

1 

0 

0 

-1 

J 

91 

2   0 

0 

-1 

^ 

95 

-3 

0  0  1 

Group  VIII. 

No.  96 

0 

-1 

0 

-1 

1 

No. 

100 

0  -2 

0 

-1 

^ 

No. 

104 

0 

1  0  2 

97 

0 

1 

0 

1 

1 
1 

101 

0   2 

0 

1 

1 

105 

0 

-10  2 

98 

0 

-1 

0 

1 

102 

0  -2 

0 

1 

106 

0 

3  0  1 

99 

0 

1 

0 

1 

J 

103 

0   2 

0 

-1 

j 

107 

0 

-3  0  1 
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We  come  now  to  the  terms  in  which  only  one  exponent 
is  zero.     Group  IX  is  characterized  bj^  the  condition  ^'=0  ; 

■\ 
+  A-^  X   +  A,^x' 
+  A,  .r-  +  A,  xr'   +  A.^  j:'" 
+  A^  .-■»  +  A,  x-x'  +  A^  xx"  +  Jg  .(■" 

T     -»io''         '      -^11''    ■'         '      -'12*      ■'  '      -^13***  '      -^M**- 


the  terms  are  all  divisible  by  xx'y. 
expression  under  consideration  is 


After  this  is  made  the 


+  A,,x^  +A^x'!/ 


For  determining   these   coetRcients  we   need  values  of   W  for  22  combinations. 
the  four  groups  of  four  each  : 


Of   the   latter  we   choose  first 


No.  108  1  110^  No.  112  2  1   1  0  "| 

109  -1  110!  ll.-H  -2  110' 

110  -1  -110    f  114  -2  -1  1  0    [ 

111  1  -1   1  0  J  ll.->  2  -1   1  0   J 


No.  lit)  1  2  10^ 

117  -1  2  10' 

lis  -1  -2  1  0    r 

111)  1  -2  1  0  J 


No.  120       3  1-10^ 

121  -3  1-10    I 

122  -3  -1    -1  0    f 

123  3  -1    -1  0  j 


By  applying  the  disintegrating  operation  to  each  of  the 
four  groups  we  arrive  at  four  equations  determining 
-Ji,  Jj,  Af^,  .-lij,  and  at  four  determining  A„,  A^,  A^,  Ay,, 
and  at  four  determining  A^,  A^^,  A^^,  A^^.  These  three 
groups  of  equations  agree  in  having  the  same  numerical 
multipliers  for  the  unknowns.  Their  general  statement, 
and  the  consequent  steps  of  elimination,  are 


1  1  1 

1 

14  1 

1 

114 

1 

1  9  1 

-1 

3  0 
0  3 
8  0 


3  0 
0  6 


In  addition  four  equations  are  afforded   for  the  determi- 


i  nation  of  the  10  remaining  coefHcients  .•/„,  A^,  A,^,  .-I,,,,  .^u, 
!  -"^n)  ■''is;  ^18 > -"^501  -■^11  •     Six  more  equations  are  therefore 

needed  to  complete  the  determination  of  these.     We  choose 

the  combinations 


No.  124  2  2  1  0 
125  3  1  1  0 


No.  12(5  1  ;;  1  0 

127  112  0 


No.  128  2  1-10 
129  12-10 


Knowing  the  values  of  the  12  coefficients  of  the  group  pre- 
viously determined  it  is  possible  to  subtract  from  the 
absolute  terms  of  the  6  last  equations  the  special  values  of 
the  terms  involving  these.  Thus  we  have  the  following 
equations  with  the  consequent  steps  of  elimination  : 


1   1 

1     1 

1 

1 

1 

1    1 

1  0 

5  10 

0 

0 

0  0 

1   4 

1   1(3 

4 

1 

1 

1    1 

0   1 

0  15       0 

0 

0  0 

1    1 

4     1 

4 

16 

1 

1    1 

4  0 

40  4     0   -1 

-1 

-1  t) 

1  9 

1  81 

9 

1 

_1 

-1 

-1   1 

1    1 

5  5     5       0 

1 

(1  0 

1  4 

4  16 

16 

16 

4 

4    1 

1   0 

10  1     0       0 

1 

0  0 

1  9 

1  81 

9 

1 

9 

1    1 

0  1 

0  1   10       0 

0 

1    0 

1   1 

9     1 

9 

81 

1 

9  1 

0  0 

0  0     0       1 

1 

1  3 

1   1 

1     1 

1 

1 

2 

2  4 

3  0 

15  3     0-2 

—  5 

-2  0 

1  4 

1  16 

4 

1 

—  1 

-4 

-1   1 

0  3 

0  3  15   -2 

•> 

-5  0 

1   1 

4     1 

4 

16 

—  1 

-1 

-4  1 

1 

0   1 

5 

0 

0 

0 

0 

20  0  0 

-1 

-1 

-1  0 

3 

0 

0        1 

0  0 

0 

20  0 

0 

-1    - 

-1 

-1 

0 

0  3  0 

0 

1 

0  0 

0 

0  - 

-1    -5 

-1  0 

1 

0  4 

5 

0 

1 

0 

0 

5  0  0 

0 

1 

0  0 

0 

5 

0       0 

1  0 

0 

5  0 

0 

0 

1 

0 

0 

0  0  5 

0 

0 

1  0 

0 

0 

1        1 

1  3 

1 

0  1 

10 

i) 

0 

1 

0 

0  0  0 

1 

1 

1  3 

0 

0  - 

-2   -5 

-2  0 

0 

0  0 

0 

1 

1 

1 

3 

0  0  0 

o 

-5 

-2  0 

0 

0  - 

-2  —2 

-5  0 

0 

0  0 

0 

—  2  - 

-5 

_2 

0 

0  0  0 

—  2 

—  2 

-5  0 

3 

0  3 

15 

—  2   - 

.2 

-5 

0 

0   - 

1   - 

-5 

-1  fl 

1  5  1 

0 

4 

0   -3 

0 

1 

5 

5 

0 

0 

1  € 

1   1  1 

3 

5 

0       0 

1 

— 

•> 

0 

1 

1 

1  3 

2  5  2 

0 

8 

-3       0 

0 

•> 

5 

2  0 

2  2  5 

0 

0 

2 

2 

5  (. 
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The  10  equations   are   therefore   independent  and  suffice   |  lowed   is   identical  with  that  which,  just   precedes;    the 
for  determining  the  10  coefficients.  i  numerical  coefficients  of  the  equations  are  the  same ;  we 

Group  X  is  cliaracterized  by  the  condition  J  —  0;    the      need  only  set  down  the  combinations  to  be  used  : 
terms  are  all  divisible  by  .w';/'.      The  process  to  be  fol-  I 


No.  130 

1 

1  0 

1  1 

No.  134 

131 

-1 

1  0 

1  1 

135 

132 

-1 

-1  0 

1  f 

13(] 

133 

1 

-1  0 

1  J 

137 

10  1^ 
10  1' 
•10  1  \ 
-10    1     J 


No.  13.S       1  2  0 

13'.l    -1  2  0 

140  -1  -2  0 

141  1  -2  0 


No.  142       3       10-1^ 

143  _;!       10-1     I 

144  _3   _i  0   -1    \ 

145  3   -1  0    -1    J 


No.  14(j  2  2  0  1 
147  3  1  0  1 
1  IS       1   3  0   1 


No.  1  19 
150 
151 


110  2 
2  10  -1 
1   2  0   -1 


(Iroup  XI  is  characterized  by  the  condition  /' =  0;  the 
terms  are  all  divisible  by  J-.'/y'.  The  division  performed 
the  expression  to  be  treated  takes  the  form 

.1,,  +  .(,  J-  +  A,..-  +  -l.,.'-'  +  ./,  u'  +  -'s'V/'  +  -hy  +  A,xy 

It  will  be  found  that  the  8  coefficients  here  involved  can 
be  obtained  from  the  combinations 


No.  152 

1  0 

1  1  ^ 

No.  156 

1  0  1 

-1 

153 

-1  0 

1  1 

157 

-1  0  1 

-1 

154 

-1  0 

-1 1  r 

158 

2  0  1 

1 

155 

1  0 

-1 1 J 

1.59 

-2  0  1 

1 

The  first  four  give  the  values  of 

-l,,  +  ./„  +  A,  ,  A,  +  A^  +  A,  ,  A^ ,  .-1, 

the  two  following  tlie  values  of 

A„  +  A.^  -  A,  ,  A,  +  A,  -  A, 

and  the  two  last  the  values  of 

A,  +  4.1,  ,  .1,  +  4J, 

Group  XII  is  characterized  by  the  condition  /  =  0  ;  the 
terms  are  all  divisible  by  x'yy' .  The  coefficients  are  de- 
rived by  equations  of  exactly  the  same  form  as  in  the 
preceding  group.  It  is  only  necessary  to  set  down  the 
combinations  : 


No.  160  0  1  1   1  ■] 

161  0  -1  11! 

102  0  -1  -1  1    f 

163  0  1  -1   1  J 


No.  164  0       11-1 

165  0   -1   1    -1 

166  0       2  1        1 

167  0   -2  1       1 


The  last  group  of  terms  to  be  considered  is  that  of  the  8 
in  which  all  the  exponents  have  finite  values.  After 
division  by  .rx'yy'  they  have  the  form 

A,  +  A,x  +  A,x"-  +  A,x'  +  A,xx'  +  A,x'-'  +  A,y  +  A,y' 

The  following  combinations  will  enable   us   to   arrive   at 
the  coefficients  : 

^      No. 


No 

168 

1 

1  1  1 

169 

-1 

1  1  1 

170 

-1 

-1  1  1 

171 

1 

-111 

172 

1  1 

-1 

1 

173 

1  1 

1 

-1 

174 

2  1 

1 

1 

175 

1  2 

1 

1 

J 

The  first  four  give  the  values  of 

A„  +  A,+  .1.  +  Je  +  .1-  ,  A,  .  A,  ,  A^ 

The  next  two  being  added  we  have  the  values  of 

A„  +  A,  +  A,  ,  .4,  ,  A, 

The  addition  of  the  two  last  enables  us  to  have  the  values 
of  A„,  A„,  A^. 

A  few  words  may  be  added  regarding  the  choice  of  the 
elements  forming  the  combined  arguments  for  the  special 
valvies  of  11'.  It  is  not  pretended  that  that  adopted  in  the 
preceding  is  the  best.  There  is  a  lack  of  symmetry  which, 
at  the  moment,  I  am  unable  to  remove.  The  latitude  in 
the  matter  appears  to  be  great;  as  would  be  anticipated 
when  175  things  are  to  be  chosen  from  2025.  It  is  impor- 
tant, however,  to  keep  the  integers  multiplying  d  and  d'  as 
small  as  consists  with  the  condition  that  the  selected  com- 
binations afford  independent  equations.  At  least,  there  is 
no  need  of  going  outside  of  the  scheme  on  page  123. 


OBSERVATIONS  OF  TWO  GREAT  METEORS, 


Bt  E.  E.  BARNARD. 


Two  remarkable  meteors  were  observed  here  on  the 
nights  of  July  19th  and  20th.  They  were  so  brilliant  that 
they  must  have  been  seen  over  a  wide  extent  of  country. 
The  observations  made  here,  therefore,  may  be  of  value  in 
determining  the  actual  paths  and  distance  of  the  objects. 


1904  July  19''  12"  43"^  ±  1"'    (Central  Standard  Time) 
Path  from  «  =  14"  10"'     ,     8  =   +44° 

to     «  =  13"    0"'     ,     8  =  +43° 

This  was  the  largest  meteor  I  have  j-et  seen.     It  was  a 
large  disc,  slightly  pear-shaped,  and  about  15'  in  diameter 
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(estimation,  one-half  the '  diameter  of  the  moon),  with  a 
trail  streaming  behind  it.  The  flight  was  very  rapid,  the 
duration  of  visibility  being  about  three-fourths  of  a  second. 
There  were  no  sparks,  and  the  meteor  did  not  seem  to  ex- 
plode, but  suddenly  disappeared.  There  was  no  persistent 
train,  but  a  short  streak  of  light  near  the  end  of  the 
path  remained  visible  for  a  couple  of  seconds. 

The  meteor  was  intensely  brilliant,  and  illuminated  the 
surrounding  country  almost  like  day.  No  sound  was  heard 
in  connection  with  it. 

About  ten  minutes  later  a  white  third-magnitude  meteor 
passed  over  identically  the  same  path,  with  about  the  same 
duration  of  visibility. 

Yerkes  Observatory,    miiiaiiis  Hay,    Ulxconsiii,  1904  July  22. 


1904  July  20''  12''  ST"  ±  1" 
Path  from         a  =  l""  40"- 
to     u  =  4"  40"" 


(Central  Standard  Time) 
,    S  =  +42° 
,     8  =  +49° 


This  meteor  did  not  exhibit  any  disc,  but  appeared  like 
an  immense  star  five  times  as  brilliant  as  Jupiter,  then  in 
the  east,  and  near  its  maximum  brightness.  The  meteor  was 
intensely  brilliant  and  white,  with  a  duration  of  about  one 
second,  or  one  and  a  half  seconds.  Though  a  streaming 
train  accompanied  the  meteor,  there  was  no  persistent  trail, 
and  no  sparks.  There  was  no  explosion  at  the  end  of  the  < 
flight. 

Fortunately,  in  both  cases,  I  wa.s  looking  in  the  direction 
of  the  meteors  when  they  made  their  appearance. 


OCCULTATIONS   OF   STARS  BY  THE   MOON, 

Observed  with  the  12-ixf.n  E<iU.\TORiAL  at  the  U.S.  Naval  Obsekvatorv,  bv  T.  I.  KING  a.\d  J.  C.  I1AMM(»ND. 
[Communicated  by  Rear-.\dmiral  C.  51.  Cuestek,  U.S.N.,  Superintendent.] 


No. 

Date 

Star 

Phe- 
nom 

Obs. 

Sid.  Time 

Wash.  M.T. 

No. 

Date 

Star 

Phe- 
nom 

Obs. 

Sid.  Time 

Wash.  M.T. 

1 

1901 

Oct.     6 

BD.  +  11°1988 

DB 

K 

4'36"'  o!? 

15  34  48.3 

35 

1908 

Aug.    7 

9  Aquarii 

DB 

K 

20  14  56.8 

ta      m     I 

1112  55.8 

2 

6 

BD.  +  11°1988 

RD 

5  2117.3 

1619  57.5 

36 

7 

9  Aquarii 

RB 

21    9  41.0 

12    7  31.0 

3 

6 

K  Cancri 

RD 

4  53  58.5 

15  52  43.2 

37 

Sept.    5 

p  Aquarii 

DD 

H 

20  50  20.6 

9  54  12.5 

4 

21 

V  Aquarii 

DD 

"  i    2    6  47.8 

12    7-  1.3 

38 

5 

p  Aquarii 

RB 

II 

22  1146.2jll  15  24.7 

5 

24 

22  Flsclnm       jDD 

4  13  55.5 

14    2    0.4 

39 

6 

B.A.C.  8094 

RD 

" 

3  4138.4  16  40  27.0 

6 

25 

S  Piscium        DD 

4  17  12.8 

14    121.1 

40 

12 

55  Tauri 

DB 

" 

2  54  49.0  15  30    9.8 

7 

Nov.  19 

Lai.  43777        DD 

22  50  43.9 

6  57  28.1 

41 

12 

55  Tauri 

RD 

4  19  26.2  16  54  33.1 

8 

30 

0)  Leon  is          DB 

7    2  13.0 

14  24  21.7 

42 

12 

63  Tauri 

DB 

5  15  26.3  17  50  24.1 

9 

30 

«)  Leonis 

RD 

8  24  19.4 

15  46  14.7 

43 

15 

X  Geminorum 

DB 

P 

3  39  43.5  16    3    9.3 

10 
11 
12 

!? 

ir> 

10 
17 

1902 

Jan.  14 
19 
19 

Feb.   18 
18 

Mar.  19 

July  23 
23 

\  Piscium 

£  Tauri 

e  Tauri 

X  Geuunoruin 

X  Geviinorum 
A^  Canrri 
Lai.  44872 
Lai.  44872 

DD 
DD 
RB 
DD 
RB 
DY) 
DB 
RD 

3  50    5.9 

6  47  44.0 

7  5631.2 

11  56  27.4 

12  16    2.3 

8  29  37.8 
23  58  16.8 

1  18  28.6 

8  15  50.0 
10  53  19.5 
12    1  55.4 
14    3  15.1 

14  22  46.8 
8  42  58.0 

15  53  40.3 
17  13  39.0 

44 
45 
46 
47 
48 
49 
50 
51 

15 
Oct.     2 
28 
Nov.    2 
11 
11 
30 
30 

X  Geminorum 
3^  Aquarii 

8  Aquarii 
73  Piscium 

o  Leonis 

0  Leonis 
96  Piscium 
96  Piscium 

RD 
DD 
DD 
DD 
DB 
RD 
DD 
RB 

P 
K 

II 
11 
H 

4  48    7.6  117  1122.2 

2  29    3.6  13  45  50.5 
0    4  17.4     9  39  14.4 

5  6  21.2  14  20  49.2 

6  56  42.6  15  35  29.4 
S    1  50.9  16  40  27.0 

3  26  24.5  10  51    3.4 

4  43  39.0  12    8    5.3 

IS 
19 

Dec.  17 
17 

A'  Cancri 
A'  Cancri 

DB 
RD 

3  33  20.9 

4  34  25.3 

9  50  10.7 
10  51    5.1 

52 
53 

lOM 

Jan.     3 
3 

1  Cancri 
1  Cancri 

DB 
RD 

H 

7  9  59.8  12  20  21.2 

8  26  37.1   13  36  45.9 

20 

Jan.     9 

B.A.C. 1272 

DD 

9  49  29.2 

14  34  51.5 

54 

0 

B.A.C.  3398 

DB 

'• 

6  29  46.2  11  32  22.3 

21 

12 

X  Geminorum 

RB 

10  16    2.7 

14  49  32.9 

55 

5 

B.A.C.  3398 

RD 

7    9  55.3  12  12  24.8  1 

22 

Feb.     8 

26  Geminorum 

DD 

7  32  24.3 

10  20  11.7 

56 

25 

(  Arietis 

DD 

" 

2  39  59.0     6  24  34.5 

2.-J 

8 

26  Geminorinn 

RB 

8  48  39.6 

1136  14.5 

57 

25 

i  Arietis 

RB 

4    3    1.2;  7  47  23.0 

24     ^[ay     4 

B.D.  +  14°2788 

DD 

1135    8.8 

8  48    4.4 

58 

Feb.  22 

W.B.  II,  1033 

DDl    " 

8  19  54.3  10  13  28.7 

2',               7 

B.A.C. 4200 

DD 

16  16  39.9 

13  17    1.7 

59 

Mar.  22 

B.AC.  1406 

ddI  '^ 

6  5918.7     659    5.1 

2(5    June    3 

W.B.  XII,  69 

DD 

16  23  39.7'  1137  50.8 

60 

22 

B.A.C. 1406 

RB    •• 

7  28    8.9     7  27  50.5 

27 

8 

■^  Opliiuchi 

DD 

15  39  20.8 

10  33  59.6 

61 

OO 

n  Tauri 

DD 

7  59  12.4     7  5S48.9 

28 

8 

y^  Opliiuchi 

RB 

17  10  56.3 

12    5  20.0 

62 

22 

a  Tauri 

RB 

9    5  25.1 

9    4  50.8 

29 

15 

0  Ai/uarii 

DB 

19    0  30.2 

13  27    4.6 

63 

Apr.     1 

z  Librae 

DB 

13  53  40.4 

13  12  59.8 

30 

15 

p  Aquarii 

DB 

21  30  33.5 

15  56  43.3 

()4 

1 

s  Librae 

RD 

15    0  48.2 

14  19  56.6 

31 

15 

p  Aquarii 

RD,    " 

22    1  39.0    16  27  43.7 

(i5 

1 

B.A.C.  4772 

DB 

14  26  44.5 

13  45  58.5 

32 

July  10 

B.A.C.  7063 

1)15'    " 

22    8  18.8  j  14  56    4.7 

66 

1 

B.A.C.  4772 

RD'    " 

15  47  21.7 

15    6  22.5 

33 

Aug.    5 

p'  Saijittarii 

DD    " 

18  29  17.2      9  35  25.3 

(!7 

2 

o'  Librae 

DH    '• 

15  46  16.5  15    1  21.5  1 

34 

5 

p'  Sar/ittarii 

RBI    " 

20    3  25.1  1  11    9  17.8 

68 

21 

X  GeminorHm 

DD    " 

12  2815.5  40  29  10.7 

In  the  fourth  column    DD    signifies  that  tlie  star  disappeared  at  the  dark  liiiib  of  llie  Moon  ; 
4.           ..            ..          DB          .1          "       "      "             "            "     "    bright  "        "  "     ; 

"  •'  •'  RD  "  "       "       "     ro-appoared    "     "     dark      "         "  '•     ;     and 

jj,{  u  ..       a       ..  ..  ..     ..     bright  "         '•  ••     . 

Nos.  1:5,   14,  were  observed  witli  a  power  230;     Nos.  4,  5,  (t,   10,  with  a  power  15;5  ;     all  the  others  with  a  power  lit!. 

Nos.  l,'fi;5,  (!."),  poor  observations.     Nos.!),  18,  2B,  34,  54,  150,  04,  (57,  uncertain.  Nos.  28,  57,  probably  late. 
Nos.  43,  44,  observed  by  Mr.  Pkteus. 
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SECULAli  PERTURBATIONS  OF  THE  EARTH  FROM   THE  ACTION  OF  URAXUS, 

l!v  EKIC   DOOMTTLE. 
Tlie  elements  adopted  in  the  following  coniinitation  are 


from  Dr.  G.  W.  Hill's  New  Thmrij  of  Jupiter  and  Sutiirn, 
pages  1 92, 554,  and  109;  the  mass  of  Uranus  has,  however, 
been  diminished  to  1  -^22  800  as  suggested  by  ])r.  Hill, 
(.-/.J.,No.  .",1G). 


=   100  21  39.73 
=       00     0.00 


losa'   = 


Uranits 

168  15     {{70 
0  46  20.54 
73  14     8.00 
0.046  9236 
15425".752 
1.2831044 
1  -^22  800' 


/   =       0  46  20.54 

lo 

//  =     27     7  31.73 

lo 

IV  =     95     0  58.70 

K  =   292     6  31.40 

K>  =  292     6  34.66 

e  ="^0.016  77114 
n  =  1295977".416 
log  a  =  0.0000000 
„,  =   1  ^  327  000 

Epoch  1850.0  G.M.T. 

The  values  of  the  preliminary  constants  are  as  follows 


k  =  y>9.9999  009 
^•' =  yy9. 9999  997 
<•  =    +0.810  94500 


The  orbit  of  the  Earth  was  divided  into  eight  parts  with 
regard  to  the  eccentric  anomaly.  The  approximate  tests 
furnished  by  comparing  the  sums  of  the  functions  corre- 
sponding respectivelj'  to  the  odd  and  even  points  of 
division  were  satisfied  very  exactly  toward  the  close  of  the 
computation,  although  in  the  beginning  they  were  inappli- 
cable. All  other  known  test  equations  were  also  applied, 
and  the  computation  was  duplicated  from  the  beginning. 
The  equation,  sin  qp .  ^J-  ^J'*  +  cos  qti .  Z>J,''  =  0,  was  found 
to  give  the  residual,  -0.000  000  000  000  25. 

If  m'  is  left  indefinite,  the  resulting  values  of  the  differ- 
ential coefficients  are  as  follows  : 


dt  \o^ 

diT] 

dt\» 

\_dt  Jo, 

l_rf<Jo, 
'^1        -O.OOSl 

'W  Joo 

Tlte  Flower  Observatory,  1904  July  2.5. 


+  0.00002 


+  0.00009 


+  0.00002 


-O.OOOOS 


+  0.00002 


+  0.00010 


+  It. 00002 


-O.OOOOS 


L^*J(K> 


+     0.;:;93  95664 /«' 


Idtjoo    I 


+  129.13143 


+     0.539  88815, 


y  - 

dt]oir 

Idtjoo 

f^l   ^    _      1.7895101 

^1  =    -184.519  50 
dt  joo 


log  coeff. 
y/J.595  4484 

;>2.11 10320 

7-9.732  3038 

«0.252  73415 

»2.266  0422 


When  the  above  value  is  substituted  for  m',  the  follow- 
Lg  results  are  obtained : 

4^1  =    +0.000  01727  8801 
dt  joo 


[_dt  io    \_dt]oo 


+  0.005  66366  0-i 


[dtjoo^ 

[: 


+  0.000  02367  9306 


000  07848  7295 


-0.008  09296  04 


y*Joo 

The  results  found  by  LeVerriek  are  given  in  the 
Annales  de  V Ohservatoire  de  Paris,  Vol.  II,  page  59,  and 
Vol.  IV,  pages  11  and  12 ;  those  obtained  by  Xewcomb  are 
in  the  Secular  Variations  of  the  Four  Inner  Planets,  pages 
336  and  377 ;  the  values  of  dp  and  dq  as  computed  by 
Dr.  Hill  are  giveu  in  the  New  Theory  of  Jupiter  and 
Saturn,  pages  511  and  512.  If  the  various  results  are  all 
reduced  to  the  above  value  of  ?»',  they  will  compare  with 
the  results  of  the  present  computation  as  follows : 
Hill  Method  of  Gaiss 

+0.000  01728 


+  0.0000  237 


-0.0000  785 


-0.000  09499 


+  0.000  02368 


-0.000  07849 


-0.008  09296 
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1904  Washing 

onM.T. 

* 

Comp. 

Ja 

z/8                App.  a 
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Red.  to  App.  PI. 

(7)  Iris. 

Jan. 

d 

5 

h 

9 

ll" 

8 

48 

1 

30  ,  6 

-0° 

33.84 



1  U.o 

7     3  13.36 

+  18 

8  57.7 

n9.521 

0.566 

+  L49  -11*8 

7 

9 

56 

34 

2 

30  ,  6 

-1 

41.64 

+ 

5     8.4 

7     0  56.55 

+  18 

5  53.0 

n9.379 

0.529 

+  1.51  -11.8 

7 

10 

22 

18 

3 

30  ,  6 

-1 

47.67 

— 

3  33.6 

7     0  55.12 

+  18 

5  51.1 

n9.281 

0.515 

+  1.51  -11.8 

9 

9 

54 

11 

4 

30  ,  6 

+  1 

21.00 

+ 

2  26.9 

6  58  43.69 

+  18 

3     1.8 

«9.352 

0.525 

+  1.53  -11.8 

9 

10 

27 

43 

5 

30  ,  6 

+  2 

5.38 

- 

3  35.4 

6  58  42.11 

+  18 

3     0.8 

w9.205 

0.508 

+  1.53  -11.8 

(345)    Tercidinn. 

Jan. 

5 

10 

12 

16 

6 

30  ,  (i 

-1 

38.95 



3  40.4 

7     5     6.62 

+   5 

44  57.2 

H9.347 

0.687 

+  1.45  -11.7 

13 

11 

41 

1 

7 

30  ,  6 

+  1 

56.13 

+ 

2     0.2 

6  56  47.17 

+   5 

50  55.0 

8.422 

0.679 

+  1-52  -12.6 

16 

10 

57 

16 

8 

24  ,  8 

+  0 

37.41 

_ 

5  33.4 

6  53  51.91 

+   5 

56  27.2 

h8.504 

0.678 

+  1.54  -12.9 

19 

9 

33 

44 

9 

29  ,  6 

+0 

55.44 

+ 

1   51.5 

6  51     6.41 

+   6 

3  34.8 

n9.222 

0.681 

+  1.54  -13.1 

19 

9 

33 

6 

10 

30  ,  6 

-0 

12.62 

- 

3  54.8 

6  51     6.48 

+   6 

3  35.4 

1(9.225 

0.681 

+  1..54  -13.1 

(182)  Elsa. 

Jan. 

13 

10 

15 

51 

11 

30  ,  6 

+  0 

3.33 

+ 

5  12.2 

6  51  42.90 

+  22 

55  48.8 

h9.156 

0.399 

+  1.60  -11.6 

13 

10 

15 

41 

12 

29  ,  6 

-0 

18.19 

_ 

5  26.4 

6  51  43.19 

+  22 

55  48.7 

n9.157 

0.399 

+  1.60  -11.6 

14 

11 

10 

25 

13 

29  ,  6 

+  2 

5.19 

+ 

2     7.5 

6  50  40.88 

+  22 

58  24.4 

n8.208 

0.378 

+  1.61  -11.5 

15 

9 

24 

24 

14 

30  ,  6 

+  1 

11.15 

_ 

4  59.3 

6  49  47.06 

+  23 

0  45.4 

n9.356 

0.428 

+  1.62  -11.4 

17 

9 

40 

48 

15 

30  ,  6 

+  1 

0.20 

- 

1  44.2 

6  47  53.13 

+  23 

5  36.9 

W9.244 

0.405 

+  1.63  -11.4 

(26)  ProserpiiKi. 

.1  an. 

13 

12 

55 

5 

16 

30  ,  6 

-0 

34.56 

+ 

4  18.3      7     6  17.80     +27 

27   24.3      9.235 

0.278 

+  1.64  -11.8 

k; 

11 

50 

55 

17 

30  ,  6 

-3 

0.84 

- 

2  57.7      7     3  15.30     +27 

32  34.2      8.805 

0.23S 

+  1.67  -11.7 

(37)  Fides. 

1 

Jan. 

17 

11 

17 

8 

18 

25  ,  5 

-3 

47.57 

_ 

4  29.2 

9     4  22.25 

+  21 

36     0.8 

H9.399 

0.468 

+  1.40  -13.9 

19 

10 

23 

56 

19 

29  ,  6 

-0 

38.29 

_ 

2  59.4 

9     2  32.53 

+  21 

43     9.3 

H9.514 

0.506 

+  1.45  -13.9 

24 

9 

50 

17 

20 

30  ,  6 

+0 

24.91 

+ 

7  12.0 

8  67  40.54 

+  22 

0  47.1 

H9.533 

0.511 

+  1.54  -13.9 

30 

9 

1 

18 

21 

30  ,  6 

+  0 

2.76 

+ 

6  35.8 

8  51  36.90 

+  22 

20     6.4 

n9.570 

0.527 

+  1.62  -14.0 

Feb. 

1 

10 

3 

0 

oo 

30  ,  6 

+  2 

13.66 

+ 

4  12.6 

8  49  31.87 

+  22 

26     3.8 

H9.403 

0.452 

+  1.65  -13.9 

3 

10 

18 

16 

23 

30  ,  6 

-1 

17.39 

_ 

3     4.6 

8  47  30.06 

+  22 

31   31.2 

119.311 

0.429 

+  1.66  -1.3.8 

6 

9 

57 

6 

24 

30  ,  6 

+  1 

6.76 

+ 

3     7.5 

8  44  32.40 

+  22 

38  55.2 

n9.337 

0.432 

+  1.68  -13.6 

(313)    Chnldava. 

Jan. 

24 

11 

8 

57 

25 

29,6 

-0 

49.82 

+ 

3     2.5  1    9  37  17.51 

-    1 

2S  21.9 

;i9.40S 

0.752 

+  1.52  -11.3 

25 

11 

59 

10 

26 

30  ,  6 

+  0 

59.44 

— 

3  41.6      9  36  40.05 

-   1 

21  28.9 

«9.200 

0.752 

+  1.54  -11.5 

25 

11 

58 

6 

27 

30  .6 

-0 

25.57 

— 

2  23.3      9  36  40.06 

-   1 

21  32.6 

n9.206 

0.752 

+  1..54  -11.5 

30 

11 

0 

4 

28 

28  ,  6 

-1 

35.64 

_ 

0  39.0      9  33  23.21 

-  0 

43  15.7 

M9.350 

0.746 

+  1.60  -12.5 

Feb. 

11 

14 

8 

29 

30  .  (; 

+  0 

43.66 

- 

2  24.3 

9  30  27.16 

—    0 

6  13.1 

n9.218 

0.741 

+  1.65  -13.2 

(131) 
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(10)   JJi/r/iea. 

•  1        h 

Jan.  24  12 

1 

16 

30 

30  ,  6 

+  l"'59!(i9 



2  1L3 

8  19  20.73 

+  17  54 

7.0   n8.076 

0.495 

+  1.60 

-13'.4 

24  12 

24 

29 

31 

30  ,  6 

+  1  47.12 

_ 

4  14.1 

8  19  19.96 

+  17  54 

9.8     8.566 

0.496 

+  1.60 

-13.4 

25  10 

34 

48 

32 

30  ,  6 

+  2     5.20 

+ 

1  44.9 

8  18  32.14 

+  17  55 

55.2   n9.254 

0.515 

+  1.60 

-13.5 

25  11 

5 

43 

33 

30  ,  6 

+  2  29.85 

_ 

1  45.5 

8  18  30.95 

+  17  55 

56.9   7t9.070 

0.503 

+  1.61 

-13.5 

30     9 

55 

16 

34 

30  ,  6 

-1  28.87 

_ 

3  18.8 

8  14  16.00 

+  18     5 

24.4   ra9.321 

0.520 

+  1.64 

-13.7 

Feb.     1  11 

2 

3 

35 

30,6 

+  1     3.71 

- 

4  19.3 

8  12  32.34 

+  18     9 

13.0  n8.748 

0.492 

+  1.66 

-13.6 

(139)  Jiiewa. 

Feb.     8  10 

2 

55 

36 

30  ,  6 

+  0  43.56 

+ 

2  53.7 

9  42     7.26 

+  27  38 

47.9   7(9.492 

0.367 

+  1.64 

-14.2 

8  K) 

20 

32 

37 

10  ,  10 

-0  21.23 

+ 

5  33.2 

9  42     6.44 

+  27  38 

48.6   H9.444 

0.340 

+  1.64 

-14.2 

9  10 

o 

9 

38 

30,6 

+  1  50.60 

_ 

3  41.7 

9  41     2.78 

+  27  39 

37.3  7^9.482 

0.361 

+  1.65 

-14.2 

11   12 

7 

43 

39 

30  ,  6 

+ 1     3.79 

+ 

2  47.9 

9  38  46.98 

+  27  40 

42.4   n8.239 

0.227 

+  1.68 

-14.1 

■     (8)  Flora. 

Feb.     8  11 

"> 

44 

40 

30  ,  6 

-0     5.41 

+ 

0  12.8 

10  44  47.43 

+  14  47 

24.9  «9.461 

0.594 

+  1.48 

-13.4 

11   11 

24 

42 

41 

30  ,  6 

-2     0.38 

+ 

1  21.8 

10  42     3.09 

+  15  13 

41.4  «9.3o4 

0.571 

+  1.53 

-13.7 

20  10 

20 

14 

42 

25  ,5 

+  1  42.23 

_ 

1   13.3 

10  33     8.59 

+  16  30 

35.4  n9.421 

0.562 

+  1.66 

-13.9 

20  10 

38 

5 

43 

30  ,6 

-0  44.99 

+ 

1  58.8 

10  33     7.81 

+  16  30 

40.9  779.365 

0.553 

+  1.65 

-13.9 

20  10 

56 

15 

44 

30,  6 

-1  21.28 

- 

0     9.3 

10  33     7.10 

+  16  30 

48.1   n9.297 

0.544 

+  1.65 

-13.9 

(113)  Amalthea. 

Mar.  13  11 

1 

20 

45 

30  ,  6 

+  1  45.23 

_ 

0  34.1 

12  28  14.24 

+   5  14 

18.2 

n9.366 

0.693 

-M.76 

-11.4 

13  11 

24 

15 

46 

30  ,  6 

-2  21.31 

+ 

2  12.7 

12  28  13.56 

+   5  14 

26.6 

779.282 

0.691 

-t-1.76 

-11.3 

15  11 

38 

23 

47 

30  ,  6 

+  0     7.57 

_ 

4  14.0 

12  26  38.19 

+   5  30 

31.5 

779.168 

0.686 

+  1.78 

-11.4 

16  11 

29 

51 

48 

29  ,  6 

-0     1.59 

+ 

2  19.6 

12  25  49.82 

+   5  38 

28.7 

779.189 

0.685 

+  1.79 

-11.4 

20  12 

7 

12 

49 

30  ,  6 

-1  42.65 

— 

0  31.6 

12  22  27.07 

+  6  10 

11.5 

778.645 

0.675 

+  1.82 

-11.4 

(349)  Devibotcska. 

Mar.  20     9 

59 

36 

50 

30  ,  6 

+  0     3.85 

+ 

4  50.8 

10  54  19.10 

+  16  30 

5.0   779.104 

0.531 

+  1.74 

-12.6 

20  10 

17 

46 

51 

30  ,6 

-1  40.72 

+ 

1  24.4 

10  54  18.53 

+  16  30 

5.9  ?i8.955 

0.526 

+  1.74 

-12.6 

27  10 

19 

12 

52 

30  ,  6 

-1  40.96 

— 

1     2.7 

10  49  20.30 

+  16  38 

32.8  n8.302 

0.519 

+  1.71 

-12.3 

27  10 

39 

43 

53 

30  ,  6 

+  0  26.94 

_ 

5  15.0 

10  49  19.62 

+  16  38 

35.4  '  8.357 

0.519 

+  1.71 

-12.3 

28  10 

52 

28 

54 

30  ,  6 

+  1  33.04 

_ 

1  12.5 

10  48  40.41 

+  16  39 

8.8     8.769 

0.521 

+  1.70 

-12.2 

28  11 

14 

42 

55 

30  ,  6 

+  1   41.51 

+ 

3     4.8 

10  48  39.82 

+  16  39 

9.6  :  9.019 

0.525 

+  1.70 

-12.2 

(19)   Fortnna. 

Mar.  20  11 

9 

28 

56 

30  ,  6 

+  0  14.58 

2     5.9 

12  11  28.71 

-  2  31 

4.9 

«9.132 

0.762 

+  1.91 

-11.7 

20  11 

27 

14 

57 

29  ,  6 

-2  13.05 

1  30.2 

12  11  27.89 

-  2  31 

1.5 

779.006 

0.762 

+  1.91 

-11.6 

27  11 

28 

22 

58 

30,6 

-0  21.20 

+ 

2  37.6 

12     5  11.78 

-   1  46 

53.1 

n8.508 

0.756 

+  1.93 

-12.3 

27  11 

34 

45 

59 

30,6 

-0  21.96 

_ 

4  16.6 

12     5  11.54 

-   1  46 

48.3  7J8.289 

0.756 

+  1.93 

-12.3 

27  11 

42 

11 

60 

30  ,  6 

-0  23.82 

- 

4  10.4 

12     5  11.31 

-   1  46 

47.6  777.659 

0.756 

+  1.93 

-12.3 

(30)    Urania. 

Apr.    5  10 

15 

22 

61 

29  ,  6 

+  1  49.33 

_ 

6  47.9 

13  35  39.81 

-13  25 

57.7   7,9.442 

0.822 

+  2.16 

-   7.9 

14  12 

14 

33 

62 

30  ,  6 

-1     2.42 

+ 

2  34.1 

13  27     0.11 

-12  39 

30.6     8.596 

0.836 

+2.21 

-  8.8 

16  11 

4 

57 

63 

30,6 

+  2  42.20 

_ 

0  17.2 

13  25     7.69 

-12  28 

54.4  778.918 

0.834 

4  2.21 

-  9.2 

16  11 

33 

21 

64 

28  ,  6 

+  3  28.16 

+ 

2  43.5 

13  25     6.44 

-12  28 

47.7   778.397 

0.836 

+  2.21 

-   9.2 

19  11 

35 

58 

65 

30,6 

+  0  34.17 

+ 

0  24.3 

13  22  15.16 

-12  12 

14.4     8.017 

0.834 

-(-o  0'> 

-  9.3 

(22)  Kalliope. 

Apr.     7  10 

24 

58 

66 

29  ,  6 

-1  46.86 



3  44.2 

13  55     7.63 

+  3     5 

36.0  W9.436 

0.715 

+  1.93 

—   7.7 

7  11 

3 

40 

67 

30,6 

-0  24.26 

_ 

2  42.1 

13  55     6.26 

+  35 

36.9  779.316 

0.713 

+  1.93 

-   7.8 

14  11 

7 

4 

68 

30  ,  6 

-2  39.24 

_ 

4     4.9 

13  49  11.93 

+  3  23 

10.8  779.142 

0.708 

+  1.99 

-   7.6 

15  10 

39 

58 

69 

30  ,6 

-1  37.79 

_ 

2  2.3.0 

13  48  21.39 

+   3  25 

15.6  779.257 

0.709 

+  2.00 

-   7.6 

17  12 

18 

45 

70 

30  ,  6 

-2  4.5.84 

— 

8  16.8 

13  46  34.50 

+  3  29 

18.3  1   8.498 

0.705 

+  2.01 

-   7.4 

(21)  Lutetia. 

Apr.  14  12 

39 

14 

71 

30,6 

-0     1.72 

+ 

2  56.2 

13  24  44.88 

-   4  21 

49.0 

8.964 

0.778 

+  2.08 

-  8.9 

16     9 

40 

14 

72 

30  ,  6 

+  1     6.05 

_ 

5     1.6 

13  22  58.83 

-  4  12 

29.9 

779.372 

0.772 

+  2.08 

-   9.0 

19     9 

38 

54 

73 

30  ,  6 

+0  59.16 

+ 

4  12.9 

13  20  10.33 

-  3  58 

1.6 

779.326 

0.771 

-1-2.09 

-  9.1 

19     9 

57 

32 

74 

30,6 

-1  32.04 



1     0.0 

13  20     9.48 

-  3  57 

57.7 

779.251 

0.772 

+  2.09 

-  8.9 

20  11 

23 

1 

75 

30  ,  6 

-0  19.81 

- 

4  36.0 

13  19  10.66 

-  3  52 

59.8 

?77.244 

0.774 

+  2.09 

-  9.0 
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Mav  4  10  30  11 

11  11  43  30 

13  11  27  14 

1.5  10  38  56 

May  7  10  50  17 

8  10  29  48 

11  12  20  .8 

May  15  11  27  21 

21  11  28  54 
23  11  53  3 

May  19  12  5  31 
20  9  47  55 

22  9  20  25 
9  56  31 
8  49  36 

10  28  4 
8  57  8 

8  34  32 

9  9  12 
9  8  53 
9  3  27 

8  57  44 

9  13  11 


76 

30  ,  6 

77 

30  ,  6 

78 

28  ,  6 

79 

30  ,  6 

80 

30 

6 

81 

30 

6  j 

82 

30 

6 

83 

30  ,  6 

84 

30  ,  6 

85 

20  ,  4 

23 


28 
29 
June  3 
8 
11 
12 
15 
18 


9  12  2S 


86 

20  ,  4 

87 

20  ,  4 

88 

20  ,  4 

89 

25  ,  5 

90 

30  ,  6 

91 

30  ,  6 

92 

30  ,  6 

93 

30  ,  6 

94 

30  ,6 

95 

25  ,  5 

96 

30  ,  6 

97 

25  ,  5 

98 

9  ,  2 

99 

30  ,6 

June  3  11  12  33 

8  11  37  36 

11  11  22  38 

i     12  10  30  3 


100 

25  ,  5 

101 

25  ,  5 

102 

25  ,  5 

103 

30  ,6 

+  0  5.67 

+  2  14.49 

+  0  10.75 

+  2  42.34 

+  0  46.28 

+  3  15.71 

-2  37.43 

-0  12.68 

+  2  38.76 

+  3  27.94 

+  5  25.76 

-2  54.61 

+  1  20.39 

+  3  30.68 

+  2  49.31 

+  1  15.60 

-2  56.08 

-0  40.69 

-0  1.48 

+  1  59.62 

+  0  30.81 

+  2  2.3.01 

+  0  20.80 

-0  4.89 

-4  0.51 

+  4  30.23 

+3  33.10 

+  0  59.60 


June  17  12  43  1  j  113 
18  11  58  34  114 
22  11  1  42  115 
22  11  20  12  116 


30  ,  6 
30  ,  6 


30  ,  6 


Mav 

19 

10 

38 

3 

20 

9 

7 

59 

21 

9 

59 

39 

22 

9 

53 

10 

23 

10 

53 

30 

25 

15 

1 

1 

June 

3 

10 

0 

52 

8 

9 

46 

36 

13 

9  45 

QO 

14 

9 

42 

58 

22 

9 

19 

20 

117 

18  ,6 

118 

25  ,  5 

119 

25  ,  5 

120 

20,4 

121 

OK        K 

122 

20  ,4 

123 

30  ,  6 

124 

30,6 

125 

25  ,  5 

126 

25  ,5 

127 

25,5 

+  1  26.75 
-2  56.25 
+  2  13.89 
+  0  32.69 

-1  10.53 

-2  31.83 

+  4  21.51 

-4  1.85 

+  2  59.35 

-0  22.90 

+  0  11.92 

-0  58.82 

+  0  26.82 

+  2  29.30 

-3  21.19 


(202)   Chryseis. 

+  0  40"l  I  14"  36"'40'65 
- 12  24.8  14  31  28.64 
-11  51.3  14  30  4.48 
-  9  15.0  i  14  28  43.77 
(40)  Harmonid. 


1  34 
1  48.4 
1  40.5 


-  1 


14  47  6.05 
14  46  5.64 
14  42  58.39 

(79)  Eurynome. 

2  54.8  I  16  12  45.91 

5  51.7  16  7  3.25 

6  16.5  1 16  5  6.30 

1904  N.  Y. 
2  58.9  ;  13  33  56.49 
13  33  38.02 
13  33  2.13 
13  32  45.66 
13  32  19.25 
13  31  57.63 
13  31  50.14 
13  31  43.87 
13  31  33.66 
13  32  1.87 
13  32  36.46 
13  32  50.90 
13  33  42.93 
13  34  47.64 


2  40.5 
5  40.4 
0  13.2 

2  3.9 

0  30.4 

1  13.7 

3  26.4 
3  37.8 
1  31.1 
7  38.8 

4.2 
37.8 
27.1 


(387)  Aquitania. 


3  43.4 

5  16.3 

2  33.8 

0  15.6 


16  56  30.30 

16  52  9.83 

16  49  35..55 

16  48  46.45 


J una  11  9  4G  54 

104 

25  ,  5 

-1  1.5.95 

11  10  7  37 

105 

25  ,  5 

-1  46.95 

12  9  43  29 

106 

20  ,4 

+  4  47.08 

17  10  39  0 

107 

25  ,  5 

+  3  8.68 

June  12  11  26  .36 

108  30  .  () 

+  0  23.97 

13  10  52  32 

109 

30  ,  6 

+  2  .39.94 

14  11  2  26 

110 

30  ,  0 

+  1  26.42 

18  10  43  31 

111 

25  ,  5 

-2  13.86 

18  11   1  55 

112 

20,4 

-2  14.77 

(IS)  Melpomene. 

16  37  36.50 
16  37  35.65 
16  36  36.12 
16  31  39.88 

(11)  PaHhenope. 


+ 

0 

5.8 

+ 

2 

13.0 

_ 

4 

57.8 

— 

6 

8.2 

— 

7 
3 

56.4 
29.9 

+ 

8 

48.8 

+ 

4 

17.3 

+ 

4 

7.4 

(105)  Art 
+  2  27.1  I  18 
+  0  19.0  IS 
-  0  5.2  IS 
,  +  5  7.8  1  18 
Comet  a  1904 


14 
14 
14 
14 
14 
14 
13 
13 

+  S  52.8  I  13 
-  6  46.6  I  13 
+  3  31.3  I  12 


-  1  10.2 
+  8  38.7 
+  0  21.2 

-  4  6.7 

-  4  0.5 
+  4  22.0 
+  4  37.9 

-  2  57.7 


em  IS. 
21  9.60 
20  22.14 
17  5.27 
17  4.55 

(Hkooks). 
47  1.9S 
42  42.64 
37  58.49 
33  28.06 
28  47.24 
19  14.63 
44  13.92 
27  23.47 
12  50.99 
10  12.40 
52  11.80 


-  1  37  11.8  «9.174 

-  1  16  4.4  i  8.778 

-  1  11  26.3  i  8.663 
-18  30.1  I718.5O5 


0 

754 

0. 

752 

0. 

751 

0. 

751 

+  2.20  -  4.6 

+  2.22  -  4.4 

+  2.23  -  4.2 

+  2.23  -  4.2 


-17  6  8.3  ]«9.167 
-16  42  37.3  l«8.925 
-16  34  45.4  |»8.137 


+  16 
+  16 
+  16 
+  16 
+  15 
+  15 
+  15 
+  15 
+  14 
+  13 
+  12 
+  12 
+  11 
+  11 


+  5  17  12.0  |n9.040  0.687  +2.44  +  5.0 

+  4  53     6.4  l«8.084  0.690  +2.48  +  5.3 

+  4  34  :-'9.6  |n8.125  1  0.693  +2.51  +  5.8 

+  4  27  48.9  n9.034  I  0.696  +2.52  +  6.0 


34 

55.2 

9.440 

27 

30.1 

8.198 

10 

34.2 

w8.378 

1 

28.9 

8.777 

43 

28.3 

«8.790 

23 

34.6 

9.195 

14 

17.3 

n8.315 

4 

20.7 

m8.770 

10 

59.7 

8.727 

14 

8.4 

8.962 

38 

29.4 

9.012  j 

26 

28.4 

8.995 

49 

20.6 

9.177 

11 

32.9 

9.229 

0.565 

+  1.87  - 

3.0 

0.523 

+  1.89  - 

2.7 

0.528 

+  1.87  - 

2.6 

0.532 

+  1.86  - 

2.6 

0.538 

+  1.85  - 

2.3 

0.554 

+  1.84  - 

2.0 

0.545 

+  1.86  - 

1.8 

0.549 

+  1.84  - 

1.8 

0.564 

+  1.81  - 

1.6 

0.581 

+  1.78  - 

1.2 

0.591 

+  1.77  - 

0.8 

0.594 

+  1.75  - 

0.9 

0.608 

+  1.75  - 

0.8 

0.618 

+  1.73  - 

0.6 

5 

28 

11.7 

n9.248 

5 

28 

12.0 

H9.139 

5 

28 

9.6 

«9.241 

5 

30 

34.8 

»8.248 

17 

27 

50.66 

17 

26 

.52.31 

17 

25 

51.96 

17 

21 

54.32 

17 

21 

53.58 

-17  33  26.5  |«8.887  1  0.862 
-17  34  18.1    «9.136  ;  0.859 


-17  35  12.7  «9.02S 
-17  39  30.8  H9.021 
-17  39  31.0  «8.826 


+2.S5  +  7.4 

+  2.86  +  7.2 

+  2.88  +  7.3 

+  2.92  +  7.2 


0.861 
0.S61 
0.863     +2.92  + 


+  17  13  39.4  I  8.099  |  0.508  +2.54  +  9.1 

+  17  17  3.5  /jS.847     0.510  +2.55  +  9.3 

+  17  25  55.2  »i9.169  ,  0.517  +2.59  +10.2 

+  17  25  56.0   n9.042     0.512  +2.59  +10.2 


+  57 


+  58 
+  58 


47  11.3 
53  14.1 
58  56.4 
3  25.1 
7  0.1 
+58  11  13.2 
+  57  48  55.9 
+  57  14  32.4 
+  56  29  32.3 
+  56  19  38.1 
+54  32  45.9 


hS.S62 

H9..567 

;i9.1S6 

nW  166 

9.053 

9.921 

9.382 

9.498 

9.6  IS 

9.630 

9.686 


hO.454 
mO.;!Ci6 
m0.44S 
11O.45I 
nO.458 
0.109 
hO.422 
mO.376 
;i0.2Sl 
fiO.263 
tiO.107 


10  10  49.5  |n9.040  I  0.819  j  +2.36  -  4.3 
10  7  47.4  n9.146  0.817  +2.36  -  4.5 
.  9  58  45.9     9.046     0.818  \  +2.38  -  4.2 


0.856  I  +2.56  +  1.8 
0.S58  !  +2.63  +  1.1 
0.859  I  +2.65  +   0.9 


0.784  i  +2.62  +  4.7 

0.785     +2.62  +  4.8 

0.784     +2.62  +  4.4 

0.788     +2.64  +  4.6 


+  2.16  + 

+  2.14  + 

+  2.0S  + 

+  2.10  + 

+  2.03  + 

+  1.97  + 

+  1.56  + 

+  1.34  + 

+  1.0S  +10.3 

+  1.02  +10.3 

+  1.05  +10.4 


4.7 
3.0 
5.5 
5.7 
6.2 
7.0 
9.1 
9.9 


Thp  star  nL-ices  from  the  Strassburc  ami  Cambri.lgo  (U.S.)  Zones  were  furnished  through  the  courtesy  of  the  Dlrei-tors  of  the 
Observatories  I  those  places.  IManets  (KS2).  (IH!)).  (S).  (:U1.),  (:tO),  (-iK  C'l).  (•.•(VJ)  ,40)  (71.).  (IS).  (lO,,).  .in.l  nm  .V.V..  wer.-  found 
photosraphically  l)y  Mr.  (i.  11.  Pktkus.  The  ri.!;ht-ascension  of  comparison-star  No.  ll^  is  one  minute  wrong  m  llu-  Hels.-t.otha 
A.G.  Catalosiie.'     Tlie  coriect   position  is  :;iven  in  .I..V.,  Hil.  HI.'),  So.  IJO.M -.">-J. 
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Mean  Places 

of  Comparison^  Stars  for  the  beginning  of  the 

year. 

* 

a 

s 

Authority 

* 

a 

8 

Authority 

1 

7     3  45.71 

+  18  10  54.0 

Berlin  A,  A.G.    2644 

h      III       • 

65    13  21  38.77 

-12  12  29.4 

Newcomb's  Fund.  Catal. 

2 

7     2  36.68 

+  18     0  56.4 

«       «       .(       2620 

66    13  56  52.56 

+  39  27.9 

Albany,  A.G.      4848 

3 

7     2  41.28 

+  18     9  o6.5 

«       ••'       "       2(1L'2 

67  1  13  55  28.59 

+  38  26.8 

4836 

■1 

6  57  21.16 

+  18     0  46.7 

"       "       '<      2")(')n 

68  1  13  51   49.18 

+  3  27  23.3 

"           "          4828 

5 

6  56  35.20 

+  18     6  48.0 

"       "       "      2547 

69    13  49  57.18 

+  3  27  46.2 

4818 

6 

7     6  44.12 

+   5  48  49.3 

Leipzig  II.  A.G.  3593 

70    13  49  18.33 

+   3  37  42.5 

4816 

7 

6  54  49.52 

+   5  49     7.4 

"       «       "      3416 

71     13  24  44.52 

-   4  24  36.3 

Strassburg,  A.G.  Zones 

8 

6  53  12.96 

+   62  13.5 

"       "       "       3391 

72  ,  13  21  50.70 

-   4     7  19.3 

"■             "         " 

9 

6  50     9.43 

+   61  56.4 

"       "       "       3343 

73    13  19     9.08 

-  4     2     5.4 

"             "         " 

10 

6  ail  17.56 

+   67  43.3 

'■       3,365 

74    13  21  39.43 

-  3  56  48.8 

"             "         " 

11 

6  51  37.97 

+  22  50  48.2 

Berlin  B,  A.G.    2690 

75    13  19  28.38 

-   3  48  14.8 

II                 <;            i( 

12 

6  51  59.78 

+  23     1  26.7 

«       <.       »      2694 

76 

14  36  32.78 

-   1  37  47.3 

Nicolajew,  A.G.  3777 

13 

6  48  34.08 

+  22  56  28.4 

"       "       "     .2657 

77 

14  29  11.93 

-   1     3  35.2 

"    3761 

14 

6  48  34.29 

+  23     5  56.1 

"      2658 

78 

14  29  51.50 

_  0  59  30.8 

"    3763 

15 

6  46  51.30 

+  23     7  32.5 

"       ••       '•      2640 

79    14  25  59.20 

-  0  59  10.9 

"    3755 

16 

7     6  50.72 

+  27  23  17.8 

Camb.Eng.A.(i.  3815 

80 

14  46  17.41 

-10     9  10.5 

Wien,  A.G.  Zones 

17 

7     6  14.47 

+  27  35  43.6 

"       "       •'      3801 

81 

14  42  47.56 

-10     5  54.5 

"         "          " 

18 

9     8     8.42 

+  21  40  43.9 

Berlin  B,  A.G.    3689 

82 

14  45  33.44 

-10     0  22.2 

"         "          " 

19 

9     3     9.37 

+  21  46  22.6 

"       "       "      3666 

83 

16  12  56.03 

-17     9     4.9 

Washington,  A.G.  Zones 

20 

8  57  14.09 

+  21  53  49.0 

"       "       "      3634 

84 

16     4  21.86 

-16  48  30.1 

"               "         " 

21 

8  51  32.52 

+  22  13  44.6 

"       "       "      3603 

85 

16     1  35.71 

-16  41     2.8 

"               "         " 

22 

8  47  16.56 

+  22  22     5.1 

"       "       "      3574 

86 

13  28  28.86 

+  16  31  59.3 

Berlin  A,  A.G.    4953 

23 

8  48  45.79 

+  22  34  49.6 

"       "       «      3583 

87 

13  36  30.74 

+  16  24  52.3 

u       a       «      4984 

24 

8  43  23.96 

+  22  36     1.3 

"       "       »      3553 

88 

13  31  39.87 

+  16     4  56.4 

,1       .1       I,       4967 

25 

9  38     5.81 

-   1  31   13.1 

Nicolajew,  A.G.  2919 

89 

13  29  13.12 

+  16     1  44.7 

'•       "       "      4958 

26 

9  35  39.07 

-   1  17  35.8 

"      2912 

90 

13  29  28.09 

+  15  45  34.5 

"       "       "      4960 

27 

9  37     4.09 

-   1  18  57.8 

"      2916 

91 

13  30  40.19 

+  15  23     6.2 

II       «       .<      4966 

28 

9  34  57.25 

-   0  42  24.2 

Newcomb's  Fund.  Catal. 

92 

13  34  44.36 

+  15  13     5.4 

•'       "       "       4975 

29 

9  29  41.85 

-  0     3  35.6 

Nicolajew,  A.G.  2891 

93 

13  32  22.72 

+  15     0  56.1 

"       "       "      4969 

30 

8  17  19.44 

+  17  56  31.7 

Berlin  A,  A.G.    3309 

94 

13  31  33.33 

+  14     7  23.5 

Leipzig  I,  A.G.    4886 

31 

8  17  31.24 

+  17  58  37.3 

"       "       "      3310 

95 

13  30     0.47 

+  13  15  40.7 

"       "       "      4880 

32 

8  16  25.34 

+  17  54  23.8 

"       "       "      3299 

96 

13  32     3.88 

+  12  46     9.0 

"       "       "      4888 

33 

8  15  59.49 

+  17  57  55.9 

"       «   ■   "      3293 

97 

13  30  26.14 

+  12  27  33.5 

"       "       «      4882 

34 

8  15  43.23 

+  18     8  56.9 

"       "       "      3289 

98 

13  33  20.38 

+  11  46  43.6 

«       "       "      4895 

35 

8  11  26.97 

+  18  13  45.9 

"       «       "      3263 

99 

13  34  50.80 

+  11  14     0.6 

"       "       •'      4904 

36 

9  41  22.06 

+  27  36     8.4 

Carab.Eng.jA.G.  5087 

100 

17     0  28.37 

+   5  20  50.4 

Leipzig  II,  A.G.  7617 

37 

9  42  26.03 

+  27  33  29.6 

"       "       "      5090 

101 

16  47  37.12 

+  4  58  17.4 

1  <  LeipziK  n,  A.G.  7531  +  J                i 

2  >  Albany  A.G.  6577           5                 1 

38 

9  39  10.53 

+  27  43  33.2 

"       '■■       "      5078 

102 

16  45  59.94 

+  4  36  57.6 

Albany,  A.G.      5570 

39 

9  37  41.51 

+  27  38     8.6 

"       "       "      5068 

103 

16  47  44.33 

+  4  27  58.5 

"          5578 

40 

10  44  51.36 

+  14  47  25.5 

1  i  Berlin  .\.  A.G.  4278  +  I 

2  J  Leipzig:  I.  .\.G.  41CS     s 

104 

16  38  49.83 

-   5  28  22.2 

Strassburg,  A.G.  Zones 

41 

10  44     1.94 

+  15  12  33.3 

Berlin  A,  A.G.    4265 

105 

16  39  19.98 

-  5  30  29.8 

11             II         II 

42 

10  31  24.70 

+  16  32     2.6 

"       "       "      4199 

106 

16  31  46.42 

-   5  23  16.2 

1 

43 

10  33  51.15 

+  16  28  50.0 

u       u       u      4215 

107 

16  28  28.56 

-  5  24  31.2 

II             >i         II       I 

44 

10  34  26.73 

+  16  31  11.3 

"       "       "      4220 

108 

17  27  23.84 

-17  25  37.5 

Washington  A.G.  Zones 

45 

12  26  27.25 

+   5  15     3.7 

Leipzig  II,  A.G.  6151 

109 

17  24     9.51 

-17  30  55.4 

II              li          II 

46 

12  30  33.11 

+   5  12  25.2 

"       ^'       "      6176 

110 

17  24  22.66 

-17  44     8.8 

K                        II                (I 

47 

12  26  28.84 

+   5  34  56.9 

"       "       "      6153 

111 

17  24     5.26 

-17  43  55.3 

II                        11                I< 

48 

12  25  49.62 

+   5  36  20.5 

"       "       "      6148 

112 

17  24     5.43 

-17  43  45.6 

II                        II                 II 

49 

12  24     7.90 

+   6  10  54.5 

"       "       •'      6136 

113 

18  19  40.31 

+  17  11     3.2  '  Berlin  A,  A.G.    6767      I 

50 

10  54  13.51 

+  16  25  26.8 

Berlin  A,  A.G.    4322 

114 

18  23  15.84 

+  17  16  35.2 

"       "       "      6808      1 

51 

10  55  57.51 

+  16  28  54.1 

«       "       "      4331 

115 

18  14  48.79 

+  17  25  50.2 

"       "       "       6720 

52 

10  50  59.55 

+  16  39  47.8 

"       "       "      4301 

116 

18  16  29.27 

+  17  20  38.0 

"       "       "       6739 

53 

10  48  50.97 

+  16  44     2.7 

«       "       "      4293 

117 

14  48  10.35 

+  57  48  16.8    Hels.-Gotha,A.G.8149 

54 

10  47     5.67 

+  16  40  33.5 

"       "       "      4283 

118 

14  45  12.33 

+  57  44  30.4  ;     '^         ••         "    8117 

55 

10  46  56.61 

+  16  36  17.0 

"       "       "      4282 

119 

14  33  34.90 

+  57  58  29.7 

"    8050 

56 

12  11  12.22 

-  2  28  47.3 

Strassburg,  A.G.  Zones 

120 

14  37  27.81 

+  58     7  26.1 

"    8071 

57 

12  13  39.03 

-   2  29  19.7 

ti              ((         (( 

121 

14  25  45.86 

+  58  10  54.4 

"     7988 

58 

12     5  31.05 

-  1  49  18.4 

Nicolajew,  A.G.  3364 

122 

14  19  35.56 

+  58     6  44.2 

II     7949 

59 

12     5  31.57 

-   1  42  19.4 

«             "     3365 

123 

13  44     0.44 

+  57  44     8.9 

.1     7709 

60 

12     5  33.20 

-   1  42  24.9 

"     3366 

124 

13  28  20.95 

+  57  17  20.2 

"     7608 

61 

13  33  48.32 

-13  19     1.9 

Camb.,U.S.,.\.G.  Zones 

125 

13  12  23.09 

+  56  20  29.2 

"     7503 

62 

13  28     0.32 

-12  41  55.9 

«             a            a             .< 

126 

13     7  42.08 

+  56  26  14.4 

II     7473 

63 

13  22  23  28 

—12  28  28.0 

i(             a            ti            11 

127 

12  55  31.94 

+  54  49     4.2 

"     7398 

64 

13  21  .36.07 

-12  31  22.0 

a            ti            X             ti 

1                                             1 
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suNSPOT  obseryatio:ns, 

MADE     AT    THE     AMHEKST     COLLBGK     OUSERVATOKV, 

By  ROBEKT  H.  BAKER. 


1904           1 

New       1 

Disapp.    j 

Keapp.     1 

Total      1 

Def. 

1904 

New       1 

Disapp. 

Reapp. 

T""*!      iDef. 

Gr. 

Spots 

Gr. 

Spots! 

Gr.  : 

Spots! 

Gr. 

Spots 

Or.  1 

Spotel 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

il        h 

a      h 

July     5  22 

- 

- 

- 

- 

- 

- 

3 

18 

3 

Aug.  17     5 

- 

- 

1 

3 

3 

5 

3 

6  21 

_ 

3 

_ 

_ 

_ 

- 

3 

19 

2 

17  21 

- 

_ 

- 

- 

2 

4 

4 

7  22 

1 

1 

_ 

_ 

1 

1 

3 

7 

4 

IS     6 

3 

- 

_ 

- 

1 

2 

IT 
I 

5 

8     6 

_ 

1 

1 

2 

_ 

1 

2 

5 

;-; 

IS   L'.-! 

4 

- 

- 

- 

- 

3 

8 

3 

8  21 

_ 

2 

_ 

_ 

_ 

2 

2 

5 

4 

19     5 

_ 

_ 

_ 

- 

_ 

3 

5 

1 

9     6 

_ 

9 

_ 

_ 

_ 

_ 

3 

16 

5 

22     3 

14 

_ 

_ 

1 

14 

3 

16 

4 

10     5 

_ 

1 

_ 

_ 

_ 

_ 

2 

15 

3 

23     2 

17 

1 

1 

- 

_ 

2 

32 

4 

10  21 

_ 

4 

_ 

- 

_ 

_ 

2 

17 

4 

23  20 

1 

_ 

_ 

1 

1 

3 

22 

3 

11  23 

1 

4 

1 

1 

1 

2 

2 

20 

3 

24     5 

- 

12 

- 

_ 

- 

1 

5 

34 

4 

;             12     5 

_ 

8 

- 

- 

_ 

_ 

2 

28 

4 

24  23 

9 

- 

_ 

- 

- 

4 

41 

4  i 

'             12  22 

_ 

_ 

- 

_ 

_ 

2 

27 

4 

25     5 

28 

_ 

_ 

1 

3 

5 

69 

5  ' 

13     6 

_ 

_ 

- 

- 

_ 

_ 

2 

22 

3 

25  23 

- 

2 

- 

_ 

- 

2 

5 

60 

3 

U     0 

_ 

8 

- 

- 

_ 

_ 

2 

30 

3 

26     5 

- 

2 

- 

_ 

- 

2 

5 

54 

4 

14  20 

1 

1 

_ 

- 

_ 

_ 

3 

18 

2 

26  20 

- 

18 

_ 

_ 

- 

_ 

4 

67 

5  ! 

15  23 

2 

24 

- 

- 

1 

12 

5 

45 

4 

27     4 

- 

7 

- 

_ 

- 

- 

4 

74 

4  1 

16     5 

_ 

29 

_ 

_ 

_ 

_ 

5 

73 

4 

27  23 

- 

21 

- 

_ 

- 

- 

4 

95 

5  i 

16  22 

_ 

_ 

_ 

_ 

5 

40 

3 

28     5 

- 

9 

- 

_ 

- 

_ 

4 

100 

5 

18     0 

_ 

16 

_ 

_ 

_ 

_ 

5 

62 

4 

28  23 

- 

_ 

- 

_ 

- 

- 

4 

42 

2 

18  23 

_ 

1 

_ 

_ 

_ 

_ 

5 

41 

4 

29     4 

- 

_ 

- 

_ 

- 

- 

4 

45 

4; 

j             20     0 

_ 

_ 

_ 

_ 

_ 

_ 

5 

28 

4 

30     4 

- 

29 

- 

_ 

- 

- 

4 

74 

4 

20     6 

1 

2 

1 

1 

1 

1 

5 

29 

3 

30  23 

- 

- 

- 

- 

- 

- 

4 

45 

3 

20  21 

1 

7 

1 

4 

_ 

2 

4 

26 

3 

31     4 

- 

- 

- 

- 

- 

- 

4 

50 

4  1 

21     5 

14 

_ 

_ 

_ 

1 

4 

39 

5 

Sept.    2     0 

1 

I 

- 

- 

1 

1 

4 

9 

1  ' 

22     0 

_ 

4 

_ 

_ 

_ 

3 

3 

19 

2 

3     3 

- 

1 

-' 

3 

- 

- 

3 

a 

2 

25     5 

1 

2 

_ 

_ 

1 

2 

3 

8 

2 

3  22 

- 

2 

1 

1 

- 

- 

2 

5 

3 

26     0 

_ 

1 

1 

1 

_ 

_ 

2 

8 

1 

4     5 

- 

1 

- 

- 

- 

- 

2 

6 

4 

26  21 

_ 

6 

_ 

_ 

_ 

_ 

2 

11 

3 

4  21 

- 

- 

1 

1 

- 

- 

1 

5 

3 

27  21 

_ 

10 

_ 

_ 

_ 

_ 

2 

21 

2 

5     3 

- 

- 

- 

- 

- 

- 

1 

5 

4 

28  21 

_ 

19 

_ 

_ 

_ 

_ 

o 

40 

4 

5  23 

- 

- 

- 

- 

- 

- 

1 

4 

5 

29  21 

_ 

1 

_ 

_ 

_ 

_ 

2 

34 

3 

6     5 

1 

1 

- 

- 

.- 

- 

2 

4 

4 

30     3 

_ 

- 

_ 

_ 

_ 

2 

29 

3 

7     5 

_ 

1 

- 

- 

- 

- 

1 

a 

5 

31     2 

_ 

- 

_ 

_ 

_ 

1 

20 

2 

7  21 

_ 

- 

- 

- 

- 

- 

1 

5 

5 

31  22 

_ 

_ 

- 

_ 

_ 

_ 

] 

17 

3 

10  22 

- 

- 

- 

- 

- 

- 

1 

3 

4 

Aug.     2  21 

2 

5 

- 

_ 

1 

2 

3 

17 

4 

11     5 

- 

- 

- 

- 

- 

- 

1 

3 

4 

3     4 

_ 

_ 

_ 

_ 

3 

15 

•J 

11  21 

— 

— 

- 

— 

— 

- 

1 

5 

5 

3  23 

1 

1 

_ 

_ 

1 

1 

4 

14 

■J 

1 2  22 

1 

1 

- 

- 

1 

1 

2 

5 

5 

4     4 

_ 

_ 

_ 

_ 

4 

12 

1' 

15     4 

- 

- 

1 

4 

- 

- 

1 

1 

3 

4  22 

a 

1 

1 

_ 

_ 

3 

16 

1.-.  23 

- 

9 

- 

- 

- 

- 

1 

10 

3 

5  23 

_ 

_ 

_ 

3 

10 

4 

16     5 

_ 

6 

- 

- 

- 

- 

1 

16 

4 

6     5 

2 

_ 

_ 

_ 

_ 

3 

8 

;; 

16  23 

- 

- 

- 

- 

- 

- 

1 

16 

0 

6  20 

2 

_ 

_ 

_ 

_ 

3 

10 

2 

17     5 

- 

- 

- 

- 

- 

- 

1 

12 

5 

i               8     2 

_ 

1 

3 

_ 

_ 

2 

4 

'2 

17  22 

1 

2 

- 

- 

- 

- 

2 

7 

5 

'               8  21 

1 

17 

_  , 

_ 

1 

4 

3 

21 

18     3 

- 

- 

- 

- 

- 

- 

2 

5 

5 

9     4 

_ 

_ 

_ 

_ 

3 

16 

3 

19     5 

- 

13 

- 

- 

- 

- 

2 

18 

3 

11     2 

2 

27 

_ 

2 

14 

5 

43 

5 

19  23 

_ 

- 

_ 

- 

- 

- 

2 

17 

4 

12     0 

~ 

_ 

_ 

_ 

6 

34 

3 

21  23 

1 

5 

- 

- 

1 

4 

3 

22 

3 

13     4 

1 

1 

_ 

_ 

4 

24 

4 

22     5 

- 

1 

- 

- 

- 

- 

3 

20 

3 

14     3 

_ 

_ 

_ 

S 

20 

4 

22  23 

- 

4 

- 

- 

- 

- 

1 

15 

3 

14  23 

1 

3 

_ 

_ 

_ 

_ 

4 

13 

4 

24  23 

_ 

6 

- 

- 

- 

- 

3 

30 

5 

15     5 

1 

_ 

_ 

_ 

_ 

4 

13 

4 

•J  6  2.? 

- 

- 

1 

6 

- 

- 

2 

11 

3 

15  21 

1 

3 

_ 

_ 

2 

;? 

•_' 

20  22 

- 

- 

- 

- 

- 

- 

3 

7 

4 

16     5 

_ 

_ 

_ 

_ 

- 

2 

1 

30     4 

- 

1 

- 

- 

- 

- 

3 

8 

4 

16  23 

- 

- 

- 

- 

- 

- 

2        - 

1 

- 

Observations  made  with  6-inch  Reflector.    Faculae  except  July  -.'e,  August  16,  19,  and  Sept.  2. 
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ON  AN  APPLICATTOX  OF  THE  METHOD  OF  LEAST-SQUARES  FOR  COMPARING 

THE  PROBABH.ITIES()F  NATURALNESS  OF  TWO  DH'FEliENT  SETS 

OF  SERIES  OF  IIYl'OTHETKAL  OliSKRVATION  EQUATIONS, 

BOTH  DEKIVED  FROM  TIIF  SA>n-:  OliSKRVATIONS, 

IJy   J.   MIDZIJIIAKA. 


Ill  the  present  paper  I  shall,  specially,  consider  the  fol- 
lowing two  series  of  equations  : 


(1) 


(2) 


^«„.c  +  h,>/  +  c,z  + 


+  «,  =  0 
+  11..  =  0 


rt,J-  +  h..'J  +  '•,.-  + 


-H  //,/(•  +  11^  =  0 
+  /..,ir  +  71.,  =  0 


as  the  hypothetical  observation  equations  whose  proba- 
bilities of  naturalness  are  to  be  compared,  liut  it  is  to  be 
noticed  that  the  results  of  its  discussion  may  be  easily 
applied  to  the  more  general  cases  of  any  number  of  un- 
knowns whatever. 

Now,  let  us  adopt  the  following  notations : 


D^  =  the  determinant  formed  from  all 
the  coefficients  of  the  unknown 
quantities  in  the  normal  equa- 
tions of  the  equations  (1)  ; 

Z)„  =  idem  from  those  of  the  equations(2) 

.  .  =  the  minors  corresponding  to  the 
constituents  [«"],  \p^'\  ...  of  7?, ; 

.  .  =  the  minors  corresponding  to  the 
constituents  ["i],  ['""]) .  .  .  of  />, ; 

.  .  =  the  most  probable  values  of  .t,  ?/,  s, 
.  . .  found  from  the  equations  (1)  ; 

.   .    =  idem  found  from  the  equations  (2); 
m  =  the  number  of  observations  ; 


A, ,  A 

i>„M    Ac, 


X.,,  y„ 


[ujr,]  =  the    sum    of   the    squares  of   the 
residuals  of  the  equations  (1)  ; 

\_v„j\7\  =  idem  of  the  equations  (2) ; 

£;  =  the  mean  error  of  an  observation 
of  the  equations  (1)  ; 

£2  =  idem  of  the  equations  (2) ; 

.   .  .    =  the  mean  errors  of  a-, ,  y, ,  3, ,  .  .   . 
respectively ; 

.  .  .  .    =  the  mean  errors  of  .r,,  ,'/o,  z.,,  .   .  . 
respectively  ; 


then  since 
(3)     -A.'-i 


[«■«]  i)„  +  [//«]  I),,  +  ['■«]  1>„,  + 


we  have  evidently 


+  (['•"] +  [r-y>]w;,)A.+  ■    •    ■ 
and  therefore 

A(x,-.r,)  =   'r.J[«yOA+  [/'/']  A,  +  ['7']  A..   •    A     (">) 

By  the  same  reasoning 

-  />,_,/,  =  [/,»]  /;,,  +  [r,,/]  y>„,,  +  [rn]  l>,„  +  .   .   .  ((i) 

A(.'/ ,-.'/.)  =  "-.IM  A+K']A.+  MA,.  +  ...|    (7) 

&c.  &c. 

Comparing  these  equations  we  see  that 

[«n]  (.r,-a'„)  +  \hn-\  {,,,->,,)  +  [ai]  {z,-z^  +  .   .   .  (8) 

=   -"•J["/']'''.  +  ['7'].'A  +  ['7']-M.   •   -I 
and  we  have  also 


(10) 


(11) 


(8),  (9)  being  substituted  in  the  following  equation 
we  have 

['•,",]-['-.'v]=[yv']«v-"'=!["/'](;-'-.-^=)+[^'](y.-//2H- • -I 
=  [w] 

- •       (12) 


^'-^  ]  [a^.]  A+[V]A.+  ['7>]A.+  . 


A 


=  ir„''F,i: 


(13) 


where  Pw.,  is  the  weight  of  »■„. 

From  (13)  we  see  that  [i'i''i]  — [t*o''o]  is  always  a  positive 
quantity,  which  is  another  demonstration  of  Professor 
Jacoby's  theorem  in  A.J.,^o.  514. 

Now  (and  hereafter),  for  convenience,  let  us  suppose 
that  the  observation-equations  have  been  transformed  so 
that  they  have  the  relations  (for  this  operation  of  trans- 
formation see  my  paper  in  A.J.,  No.  535), 

[„„]  =  [/,i]  =  [,v]  =  ....  =  \_pp-]  =  »/ 

then  (12)  may  be  expanded  as  follows  : 
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[r,y,]  — [foi"o]=  nnv^ 


l-[apJ->r[bpJ+[cpY+. 


Tkeorevi  I. 


+  ^,^-([«/'][«;^]+M['7']  +  [W]['^/^]+-  •  •) 
+  ^  ([«''][«/']+[*'-][*7'] +  [«/][''/>]  +  •  •  ■) 
(14)*  + { 

From  this,  since  the  quantities  of  the  second  order  of 


[_ap^      M 


,  &c. 


are  usually  small,  we  may,  simply,  say  that  [''i''!]  — ["2^2] 
usually  approximates  to  /»«•/. 

Also,  let  us  denote  the  residuals  of  (1)  by  y, ,  v.,,  i>^,    .  .  • 
and  put 

[y"'i]  =  /'.''i  +  /'2''2  +  yV.-i  +  •   ■  . 
then  since 


D"-.]" 


coinpariTig  (^11)  and  (lo)  we  get 

(16)  [•<;,.,]  -  [tv;,]  =  -"•,[;>«',]  =  t^ 

(1") 


This  again  indicates  that  \y^i\'\  —  [''j^'^]  usually  approxi- 

mates  to —  . 

Ill 

Now,  let  ^1  and  fi.^  represent  the  numbers  satisfying  the 
following  equations  (see  my  paper  in  A.J.,  No.  535) : 


« 

■:  _   ['V,] 

//(  — /Xo 

• 

then,  comparing 

these  with 

(13),  it  follows 

(18) 

■2   _    [''l"!] 

m  -  /[ii 

-M.)  ^-Z 

(18)' 

Pw.,\ti 

!'-(/'2-Ml«'"'5| 
»l  —  /x., 

and  the 

■efore  we 

get 

•  Or,  if 

we  put 

[apT-  +  [bpy  +  [cpT-+  .  . 

we  have, 

nearly. 

-  [0,0,1  =               .  ,         >- 

where        /;  =  the  number  of  unknown  (luautiiies  of  (1). 


Theorem  II. 


According  as   u\^=  (/u—ii.ijt'i",    we  have 
"  <      ■ 
J  > 

< 

This  is  the  criterion  of  preferring  the  second 
hypothesis  to  the  first.  Practically,  how- 
ever, let  us  suppose  that  m  is  a  very  large 
number,  so  that  a  term  of  m-' order  in  £,'—€,- 
is  negligible,  then  by  comparing  (13),  (14), 
(16),  (17)  and  (18)',  we  may  say  that : 

viPw„        [pvij' 

If  — = =^  or  *-   ^.-'    ,  which  IS  sensibly  equal 

m  mFw„  ''    ^ 


to  Ci^—eJ,  be  an  appreciable  (that  is,  not  neg- 
ligible) quantitj',  the  second  hypothesis  is 
preferable. 

CoroUari/  1.  If  w^  be  an  appreciable  quantity,  the  sec- 
ond hypothesis  is,  generally,  preferable. 

Corollnrij  2.  If  the  residuals  in  the  first  hypothesis  be 
distributed  according  to  the  law  of  errors, 
we  may  say,  that  "  the  second  hypothesis, 
in  which  /j,  =  ji.,  =  p^  =  .  .  .  =  p^,  gene- 
rally, can  not  exist;"  but,  in  this  case, 
there  may  be  other  hj-potheses  better  than 
the  first. 

Theorem  III.  If  each  of  [n/>]  ,  [/;/>]  ,  &c.,  be  comparable 
with  ^ym,  as  in  usual  cases,  for  any  appre- 


ciable value  of   11:?  or 
sensibly, 


f-^V 


we  liave. 


-'•-m' 


Corollarij. 


that  is  to  say,  the  larger  the  value  of  «•.'  or 

{— — -\     the  more   preferable   the   second 

hypothesis  to  the  first. 

Let  there  be  given  a  third  hypothesis  which 
is  identical  with  the  second  hypothesis,  ex- 
cept that  in  the  former  we  have  ir'  ,  [/jH;,] 
instead  of  if.,  [/»i'i]  in  the  latter,  then  if 

„..^ort^'>«-orL^' 
m'  ■  m' 

the  former  hypothe.sis  is  preferable. 

From   Coro/lari/  J  of  Theorvm  II  and  Throiriii  III  itself 
we  have  an  important  principle,  viz.: 

"  to  find  best  observation-equations  it  is,  generally, 
advantageous  to  assume  as  many  unknowns  as 
possible ; " 

for,  by  doing  so,  we  can  immediately  decide,  from  inspec- 
tions of  the  magnitudes  of  the  resulting  values  of  the  un- 
knowns, which  assumption  is  the  best.  Also,  it  is  to  be 
noticed  that,  the  ordinary  process  by  which  we  may  dis- 
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cover  the  law  of  jj's  so  that  the  second  hypothesis  may  cer- 
tainly exist,  is  an  application  of  the  principle  tliat 
"  in  order  that  t^—t^  may  be  an  appreciable  quan- 
tity, the  most  of  the  terms  of  [/)f,]  must  have  the 
same  signs," 
as  may  be  easily  seen  from  Theori'iu  II  or  Tltron'm  III. 

I  shall  now  consider  properties  of  t",  — e^,^ ,  «"„,—«'',,  >  &c. 
If  we  substitute 

[fl»]  =  -1 

[/,„]  =  [«j]  =  [(/«]  =  .   .  .  =  0 

in  the  secoml  members  of  the  equations  (.'!)  and  (4),  we  get 


(19) 
(20) 

(21) 


1 
1 


D 


{x,-x,y 


7>,      [ViV,]  -  [-y^Vj] 


fi     "I"         ,..3 


'•lap^\i'd,jbpj+[arjrr^ 


(22)* 
where 


P^^  =  the  weight  of  j-^ 
P^   =  the  weight  of  j:, 


By  comparing  (19),  (20)  and  (21),  we  see  that  P^^  is  always 
larger  than  P^  ,  which  is  another  demonstration  of  my 
theorem  in  A.J.,  No.  521,  except  that  in  the  case  a?,  =  a-, 
they  become  equal  with  each  other.     Now  since 


*  Or  nearly 
1 


A 


[«P]- 


■^       1  + 


(-«-i)A- 


11  + 


lO? 


p7, 

1 


£,-—£.,-  — 


[apf 


+ 


(23) 


(24) 


if  we  suppose,  as  before,  that  a  term  of  w~'  order  in  ii—t^ 
is  negligible,  by  comparing  (14),  (17),  (18),  (23)  and  (24), 
we  may  say  that : 

Theorem  IV.     If  each  of  ["/'],   ['v],  &c.,  be  comparable 
with  ^/m,  as  in  usual  cases,  we  have,  sensi- 

bly, 

Px,{^^x,  -  £  V-,)  =  Py,(.V,  -  €>,)  =  &c.  =  €,=  -€..» ; 
that  is  to  say,  any  one  of  c^,^  — £^^_ ,  «'',,  — e'^,, , 
&c.,  may  be,  usually,  employed  for  the  com- 
parison of  the  probabilities  of  the  two 
hypotheses,  instead  of  cf  — £„^. 
Theori'iii  V.  If  each  of  [a/i]  ,  [i/y]  ,  &C.,  <  w',  for  any 
appreciable  value  of  v.r  or 

\     m    /  <  V     "'      / 
we  have,  generally,    t-^^  — e%^  <•  *^- 

If  Vm  <  ^'iicki  of  [a/*]  ,  [6;j]  ,  &c.,<  m' ,  ac- 
cording as  the  difference  of  the  numbers  of 
the  positive  and  the  negative  terms  of  [/jv,] 
is  larger  or  less  than  that  of  {ap\  e^,^  is, 
generally,  less  or  larger  than  e",^  respec- 
tively. 
If  each  of  [op]  ,  \bp\  ,  &c.,  <  )«',  for  all 

:■  ('-     '^]  larger  than  —.  we  have,  generally, 

-€\^  ,  &c.),  >0. 


CoroUni-i,  1. 


Corollary  2. 
values  of  w 


(tj'— £o'-  or  each  of  £-,^— e- 


Tokya  .\MronomU-al  Observatory,  1904  September. 


APPROXIMATE  EPHEMERIS  OP  ENCKE'S  COMET, 

By  M.  K.IMIXSKY  (in  A.N.  3973). 


Berlin  noon 

App. 

a 

App.  8 

logr 

log  A 

Berlin  noon 

App.  a 

App.  S 

loar 

log  A 

IWM 

ii 

,1 

s 

0           ' 

1904 

h        ra       s 

c           ' 

Nov.    4 

23 

0 

48 

+  23  45.1 

0.1467 

9.7342 

Nov 

15 

22  15  34 

+  18  33.0 

0.0946 

9.7040 

5 

23 

1 

3 

23  20.6 

.1424 

.7305 

16 

11  18 

18     1.2 

.0893 

.7023 

6 

22 

56 

19 

22  5.5.1 

.i;?80 

.7270 

17 

7     5 

17  29.0 

.0840 

.7008 

7 

51 

37 

22  28.7 

.1335 

.7237 

18 

22     2  56 

16  56.4 

.0785 

.6993 

8 

46 

57 

22     1.5 

.1289 

.7207 

19 

21  58  49 

16  23.7 

.0730 

.6978 

9 

42 

19 

21  3.3.5 

.1243 
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37 

44 
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21 
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11 

33 

11 

20  35.6 

.1147 
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22 

46  49 

14  44.3 
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12 

28 

42 

20     5.8 

.1098 
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23 

42  54 

14   10.6 

.0495 
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1:5 

24 

17 
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.1048 
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24 
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19 
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STELLAR   LUMINOSITY  AND  THE   ABSORPTION   OF   STAR   LIGHT, 

By  GEORGE  C.  COMSTOCK. 


In  Xo.  566  of  the  Aatroiiomical  Journal,  Professor  Kap- 
■vena  has  expressed  his  disseut  from  one  of  the  conclusions 
set  forth  in  my  paper  entitled  "  Provisional  Kesults  of  an 
Examination  of  the  Proper  Motions  of  Certain  Faint  Stars," 
A.J.,  No.  558,  and  since  I  infer  from  a  perusal  of  his  argu- 
ment that,  in  part  at  least,  he  has  misapprehended  mj' 
methods  and  results,  I  desire  to  set  forth  here  with  greater 
fullness  than  I  have  hitherto  done  the  grounds  for,  and  the 
limitations  upon  the  conclusion  in  question.  This  con- 
clusion is,  in  substance,  that  the  observed  parallaxes  of  the 
fixed  stars  in  connection  with  the  corresponding  stellar 
magnitudes  indicate  either  (yl)  an  appreciable  absorption 
of  light  in  its  transmission  through  interstellar  space,  or 
{B)  a  very  rapid  diminution  of  intrinsic  luminosity  with 
diminishing  apparent  brightness  of  the  stars.  Although 
not  insisted  upon  in  my  former  paper,  I  assume  it  to  be 
sufficientlj'  obvious  that  the  two  hypotheses  here  indicated 
are  not  mutually  exclusive,  and  that  both  may  be  realized 
in  the  stellar  S3'stem.  If  such  is  the  case,  the  numerical 
values  of  the  absorption  and  change  of  luminosity  obtained 
iu  A.J.  558,  must  be  regarded  as  superior  limits  of  these 
respective  effects  rather  th.in  as  actual  values,  since  thej' 
were  derived  by  treating  each  hypothesis  as  the  sole  expla- 
nation of  the  observed  relation  between  parallax  and  stellar 
magnitude.  In  a  later  part  of  this  paper  there  will  be 
found  some  evidence  tending  to  show  that  iu  fact  both 
hypotheses  are  realized  in  the  actual  system  of  the  stars. 

For  my  present  purpose  I  adopt  the  observed  data  con- 
tained in  Table  V  of  Kapteyn's  paper  above  cited,  and  for 
the  convenience  of  the  reader  I  shall  follow  his  notation 
as  closely  as  possible.  It  should  be  noted  that  my  argu- 
ment in  the  matter  is  in  no  way  dependent  u[ion  Kapteyn's 
equations  3  and  4,  as  he  affirms,  but  is  entirely  indepen- 
dent of  the  truth  or  falsity  of  these  or  any  other  assumed 
relations  save  certain  hypotheses  that  are  herein.after  ex- 
plicitly set  forth  and  discussed.  Let  the  unit  of  distance 
to  be  employed  be  the  distance  corresponding  to  a  parallax 
of  0".l.     Let  the  luminosity  of  the  sun  be  represented  by 


the  number  1,  and  let  the  stellar  magnitude  of  the  sun  as 
seen  from  the  distance  unity  be  represented  by  the  number 
5.5  (Kapteyn)  on  the  photometric  scale.  Suppose  a  star 
of  luminosity  L  to  be  originally  placed  at  unit  distance 
from  the  sun,  and  to  be  thence  moved  radially  to  any  as- 
signed distance  r.  Let  tt  and  m  represent  the  parallax 
and  stellar  magnitude  of  this  star  corresponding  to  the 
distance  r,  and  let  p  represent  the  light  ratio  for  consecu- 
tive stellar  magnitudes,  p'  =  100.  From  elementary  con- 
siderations of  the  unimpeded  transmission  of  light  we 
obtain  the  following  relation  that  must  be  satis6ed  at  erery 
point  of  the  star's  supposed  trajectory, 

L 

;:.  =  P'— 

which  is  equivalent  to 

L  ttV-  =  Vp  (1) 

when  TT  is  expressed  in  seconds  of  arc. 

An  equation  of  this  form  must  obtain  for  every  star, 
wherever  placed,  and  if  we  isolate  in  one  group,  n  star-s  of 
like  magnitude,  m,  the  mean  of  their  corresponding  equa- 
tions will  furnish  for  the  group  the  mean  rehition  between 
L,  TT,  and  III.  By  supposition  m  is  constant  for  the  group 
while  the  luminosity  and  parallax  are  variables  which  shall 
be  represented  by  the  symbols  Z  +  //  and  v  +  x  where  Z 
and  ff  are  mean  values  for  the  group  in  question,  and  y  and 
J-  are  individual  variations  from  the  respective  means.  In- 
troducing these  symbols  into  Eq.  1  we  obtain 

(2) 

In  this  expression  2>  and  .1"//  are  rigorously  zero,  and 
2"j-;/  and  2>V  must  be  small  quantities,  since  the  indi- 
vidual products  entering  into  the  summations  will  be  .is 
often  jiositive  as  negative,  and  in  the  mean  of  any  consid- 
erable number  of  stars  their  effect  may  be  assumed  insig- 
nificant. 

(139) 
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We  now  put 


(3) 


■-©  =  ' 


and  passing  to  lo<;aiitlniis  tiiul,  when  the  bracketed  terms 
are  neglected, 

(4)  log  Z  +  2  log  n  +  0.4  m  +  log  i,  =  0.2 

To  the  discussion  of  this  equation  I  desire  to  apply  the 
following  hypotheses,  which  are  introduced  into  the  prob- 
lem not  as  supplements  to  the  observed  data,  but  solely  as 
suppositions  to  be  compared  with  and  controlled  by  that 
data.  ^ 

IIVPOTHESES. 

.1.  Within  the  space  occupied  by  stars  brighter  than 
the  magnitude  12.o,  light  is  transmitted  without  sensible 
absorption. 

B.  Within  tliis  region  the  mean  luminosity  of  the  stars 
does  not  vary  appreciably  from  magnitude  to  magnitude. 

C.  Within  the  same  region  the  function  above  repre- 
sented by  ^  does  not  vary  appreciably  from  magnitude  to 
magnitude. 

In  accordance  with  these  hypotheses  It  and  //(  are  the 
only  variables  entering  into  Eq.  4,  and  uniting  these  into 
the  single  term 

(5)  0.4  w  +  2  log  S  =  <•' 
we  write  Eq.  4  in  the  form, 

(5)  logZ  +  log^-0.2  +  <-'  =  0 

In  this  equation  c'  must  be  constant  if  the  In-potheses 
A,  B,  C,  correspond  to  the  actual  constitution  of  the  stellar 
system,  since  all  of  the  other  terms  are  thus  made  con- 
stant. With  Kapteyn's  values  of  m  and  tt,  reproduced  in 
Table  I,  below,  I  obtain  tlie  values  of  c'  there  given,  and 
the  better  to  show  the  general  character  of  these  quantities 
I  have  subjected  them  to  a  graphical  adjustment,  the  results 
of  which  are  given  under  the  heading  c". 


Table 

I. 

m 

71 

c' 

c" 

'ogi'[i=i: 

2.7 

O^OoSS 

8.25- 

10 

8.13-10 

2.07 

4.1 

.0205 

8.26 

8.31 

1.89 

5.1 

.0147 

8.34 

8.43 

1.77 

6.0 

.0129 

8.62 

8.56 

1.64 

6.9 

.00895 

8.66 

8.69 

1.51 

8.6 

.00630 

9.04 

9.00 

1.20 

0.5 

0.00485 

9.57 

9.58 

0.62 

It  is  apparent  from  an  inspection  of  these  numbers  that 
between  the  second  and  eleventh  magnitudes  c'  can  be 
considered  a  constant  only  bj'  assuming  the  numerical 
data  of  the  problem  to  be  wholly  worthless,  and  as  I  sup- 
pose Kaptetn,  equally  with  myself,  to  reject  this  assump- 
tion, we  must  attribute  the  observed  variability  of  r'  to  an 


error  contained  in  one  or  more  of  the  hypotheses  A,  B,  C, 
above  enumerated.  I  therefore  proceed  to  inquire  what 
changes  must  be  made  in  each  of  these  hypotheses  in  order 
tliat  the  observed  data  may  be  reconciled  with  the  otlier 
two  hypotheses,  supposed  to  be  retained  intact.  We  con- 
sider first : 

Nijpothesix  C.  The  function  ^  depends  upon  the  law  of 
distribution  of  the  stars  in  respect  of  distance  from  the 
earth,  the  quantity  x  being  a  measure  of  the  condensation 
of  their  actual  parallaxes  about  the  mean  value  tt.  In  the 
language  of  the  modern  applications  of  the  theory  of  proba- 
bilities to   biological  problems,  -^  is   the  "  coefficient  of 

variability  "  of  the  parallaxes  and  the  analogy  of  r  to  the 
Gaussian  "  mean  error  "  is  sufficiently  apparent.  Aban- 
doning the  assumption  that  f  is  constant  for  all  magni- 
tudes we  seek  to  determine  a  series  of  values  for  this 
function  that  shall  make  <■'  and  c"  constant.  This  can  be 
done  only  when  the  mean  luminositj'  of  the  stars  is  given, 
and  for  this  purpose  I  shall  make  successively  three  as- 
sumptions, viz.:  log  L  =  —4,  log  Z<  =  0,  log  L  =  +4, 
representing  a  hundred-million  fold  range  of  intrinsic 
brightness.  The  values  of  log  ^,  derived  from  the  adjusted 
c",  when  the  mean  luminosity  is  assumed  equal  to  that  of 
the  sun,  log  L  =  Q,  are  shown  in  Table  I ;  its  values  for 
log  Z.  =  —  4  and  log  i  =  +4,  respectively,  may  be  found 
by  subtracting  these  numbers  from  the  characteristic  of 
the  tabular  log  t,- 

If  +4,  or  any  number  greater  than  +1  be  subtracted 
from  the  tabular  log  ^  some  of  the  values  will  become 
negative,  and  this  is  inadmissible,  since  from  the  form  of 
the  function  log  ^  must  be  a  positive  number.  Indeed,  the 
course  of  the  tabular  values  of  log  ^  strongly  suggests  that 
if  the  data  were  extended  one  step  further,  e.r/.  to  the  thir- 
teenth magnitude,  log  ^  would  here  become  negative  for 
i  =  1.  If  hypotheses  A  and  B  are  to  be  retained  we  are 
therefore  precluded  from  regarding  the  mean  luminosity  of 
the  stars  as  being  appreciably  greater  than  that  of  the 
sun.  I  shall  therefore  assume  L  =  1  to  be  the  maximum 
possible  value  of  this  quantity-,  and  corresponding  to  this 
assumption  and  to  the  supplementary  one,  log  i  =  —  4,  I 

have  derived  the  values  of  log  ^  given  in  Table  II. 


Table  II. 

m 

it 

log^ 

0-C 

,,•'" 

a 

»ci=j: 

fw 

-0.0001] 

lOn- 

2.7 

1.03 

3.03 

+  o'o037 

8.06-10 

0.5 

4.1 

0.94 

2.94 

-   .0007 

7.90 

0.9 

5.1 

0.88 

2.88 

-   .0008 

7.88 

1.2 

6.0 

0.82 

2.82 

+   .0009 

8.04 

1.5 

6.9 

0.75 

2.75 

-   .0006 

7.84 

1.9 

8.6 

0.59 

2.60 

-   .0002 

7.87 

2.8 

0.5 

0.25 

2.31 

+  0.0002 

8.05 

3.9 
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While  matliematically  possible,  these  uuuibers  are  far  too 
large  to  be  accepted  as  representative  of  anj'  actual  stellar 
distribution.  The  difJiculties  that  they  present  will  become 
apparent  if  we  seek  to  determine  a  grouping  of  the  stars  of 
any  given  magnitude,  e.;;.,  the  sixth,  that  shall  preserve  un- 
changed the  observed  mean  parallax,  and  shall  also  give  a 
coefficient  of  variabilit}'  as  great  as  6.6,  corresponding  to  the 

log^  given  in  Table  II,  for  in  =  G.O  .  Z  =  1.  These  con- 
re 
ditions  can  best  be  satisfied  by  dividing  the  stars  of  the 
sixth  magnitude  into  two  groups,  a  large  one  each  member 
of  which  has  the  parallax  0,  and  a  small  one  each  of  whose 
members  has  the  maximum  permissible  parallax  for  such 
stars,  the  number  of  members  of  the  latter  group  being  so 
determined  as  to  preserve  the  proper  mean  parallax  for  the 
entire  group  of  stars.  This  maximum  parallax,  j),  and  the 
number  of  stars,  n,  to  which  it  shall  be  attributed  are 
determinate  quantities  when  the  mean  parallax  of  the 
group,  TT,  and  the  corresponding  function,  ^,  are  given,  as 
is  here  the  case.  The  re(|uired  relations  are  readily  shown 
to  be, 

P  =  H         ,         n  =  - 

where  iV  is  the  total  number  of  stars  in  the  group.  Thus, 
when  the  mean  luminosity  of  the  stars  of  the  sixth  magni- 
tude  is   assumed  equal  to  unity  we  have  log  ^  =  1.64  , 

^  =  0".0129  ,  /;  =  0".56  and  -^  =  0.023.      According  to 

Pickering,  Annals  Harvard  College  Observatory,  Vol.  48, 
Part  V,  Table  XIV,  there  are  some  5700  stars  included  be- 
tween the  magnitudes  5.5  and  6.5,  and  assuming  this  num- 
ber to  be  the  value  of  N  for  stars  of  the  sixth  magnitude, 
we  find  that  in  order  to  satisfj'  the  observed  mean  parallax 
and  coefficient  of  variability  for  this  group,  under  the  most 
favorable  assumption  as  to  the  manner  of  distribution  of 
the  stars,  there  must  be  n  =  5700  X  0.023  =  131  stars 
of  the  group  have  parallaxes  as  great  as  0".56,  while  all 
of  the  remaining  stars  are  at  an  infinite  distance  from  the 
sun.  Neither  the  mode  of  distribution  nor  the  number  of 
large  parallaxes  seems  credible,  and  the  corresponding  dif- 
ficulties are  even  greater  in  the  case  of  the  brighter  stars, 
e.g.,  for  the  fourth  magnitude  it  appears  tliat  1.3  per  cent, 
of  the  stars  must  have  parallaxes  as  great  as  1".6,  and  even 
greater  values  will  be  required  if  the  mean  luminosity  of 
these  stars  be  assumed  to  be  less  than  unity.  On  the  other 
hand  L  can  not  be  made  appreciabl}-  greater  than  unity 
and  assumed  .  constant  for  all  magnitiules,  witiiout  pro- 
ducing impossible  values  of  f  for  the  fainter  stars. 

While  considerations  such  as  the  above  are  far  from 
demonstrating  that  the  function  f  is  constant  between  the 
second  and  eleventh  magnitudes,  they  suffice  to  show  that 
no  admissible  variation  of  ^  will  render  constant  the  values 
of  c'  between  these  limits,  and  I  can  find  no  escape  from 


the  conclusion  that  the  observed  systematic  variation  of  <•' 
points  to  an  error  in  one  or  both  of  the  hypotheses  A,  IS. 
Although  Kapteyn  denies  this  conclusion,  I  have  searched 
his  paper  in  vain  for  an  alternative  to  it.  I  cannot  regard 
as  such  an  alternative  his  empirical  formulas,  Eq.  11  and 
12,  in  which  by  means  of  five  parameters  the  number  of 
the  stars  and  their  mean  parallax  are  represented  as 
functions  of  the  stellar  magnitude.  These  appear  to  me 
entirelj'  foreign  to  the  purpose,  and  so  long  as  his  Eq.  5 
and  G  professedly  have  no  basis  in  theory,  and  the  para- 
meters have  no  physical  significance  assigned  them,  the 
proposed  relations  can  be  regarded  only  as  interpolation 
formulas,  that  may  serve  a  useful  purpose  as  such,  but 
which  contain  little  information  with  resjiect  to  the  struc- 
ture of  the  stellar  system. 

We  pass  to  a  consideration  of  hypothesis  B.  If  we 
seek  to  remove  the  observed  variation  in  r'  by  modifying 
the  hypothesis  of  constant  luminosity,  we  maj-  determine 
from  Eq.  6  the  required  value  of  L  corresponding  to  any 
assumed  value  of  ^.  As  only  relative  values  of  L  are 
needed  for  the  purpose,  we  may  take  the  log  t,  of  Table  I 
as  also  representing  log  L  iov  1^  =  1.  By  interpolation 
from  this  table  I  find  for  the  fifth  and  tenth  magnitudes 
respectively,  log  L.^  =  1.78,  log  /,,„  =  0.80,  and  for  the 
ratio  of  the  intrinsic  luminosities  associated  with  the  two 
magnitudes  the  number  9.5,  corresponding  to  my  original 
statement  that  the  numerical  data  of  the  problem  can  be 
reconciled  with  hypothesis  A  onlj'  on  the  supposition  that 
"the  intrinsic  luminosity  of  the  stars  diminishes  with 
their  apparent  brightness  in  such  a  ratio  that  a  star  of  the 
tenth  magnitude  possesses  oulj-  one-tenth  of  the  luminosity 
of  a  star  of  the  fifth  magnitude."  If  so  large  a  diminution 
of  intrinsic  brightness  be  considered  improbable,  an  exit 
from  the  numerical  difficulties  of  the  case  must  lie  souglit 
through  a  modification  of  the  only  remaining  hypothetical 
element  of  the  problem,  viz. : 

Jfi/jiothesis  A.  If  the  interstellar  spaces  are  imperfectly 
transparent  every  star  appears  fainter  than  would  other- 
wise be  the  case,  and  if  this  diminution  of  brightness  is 
due  to  a  uniform  absorbing  medium   its  amount  may  be 

represented  by  an  expression  of  the  form  —-  (Kapteyn V 

Since  the  parallaxes  originally  employed  by  me  have  been 
slightly  modified  by  Kaptkyn  I  have  repeated  my  determi- 
nation of  the  hypothetical  absorjition  coefficient,  using  the 
values  of  ;;/,ir.  <•',  given  inTableI,and  I  find  thus,  a  =  0.184. 
The  resulting  expression  for  the  mean  parallax  corresi>ond- 
ing  to  the  stellar  magnitude  in  is, 

,      -       o «-«      ,  .      '"      0".0036S 

log  n  =  S.972  -  10  -  .  +  — (7) 

The  residuals,  (.>  — C,  furnished  by  a  comparison  of  this 
formula  with  the  observed  parallaxes  are  given  in  Table  II. 
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There  are  also  exhibited  in  the  same  table  the  corrections 
to  the  observed  niaijnitudes,    — —  ,  and  the  eorresi)oiidiiig 

ll'TT 

values  of  the  quantity  c',  here  designated  by  the  symbol 
(•'".  The  variations  of  this  quantity  from  a  constant  value 
are  clearly  of  the  same  order  of  magnitude  as  the  uncer- 
tainties in  the  data  employed. 

We  may  now  recapitulate  the  foregoing  argument  as 
follows:  The  three  hypotheses  above  designated, .),  />',  C, 
furnish  a  function  that  must  remain  constant  for  all  stellar 
magnitudes  and  corresponding  mean  parallaxes.  When 
the  observed  values  of  the  magnitude  and  parallax  are  in- 
troduced into  this  function  it  presents  systematic  variations 
far  too  large  to  be  attributed  to  errors  in  the  numerical 
data.  These  variations  can  not  be  removed  by  any  admis- 
sible modification  of  hypothesis  C,  and  they  must  there- 
fore be  due  to  errors  contained  in  the  remaining  hypotheses. 
There  is  presented  a  numerical  determination  of  the  amount 
of  modification  in  each  hypothesis  that  will  serve  to  satisfy 
the  observed  data,  and  to  retain  unchanged  the  alternative 
hypothesis,  but  it  is  not  affirmed  that  either  of  these  modi- 
fications iiuist  be  adopted  to  the  exclusion  of  the  other. 
A  modification  of  both  hypotheses  by  smaller  amounts 
than  those  above  determined,  together  with  some  modifi- 
cation of  hypothesis  C,  may  well  be  required  to  bring  them 
into  conformity  with  the  actual  structure  of  the  stellar 
system,  and  in  my  judgment,  such  is  much  more  likely  to 
be  the  case  than  that  either  hypothesis  alone  should  prove 
to  be  at  fault.  The  well  known  presence  of  nebulous  mat- 
ter and  meteoric  dust  in  the  interstellar  spaces  renders  it 
improbable  that  as  respects  the  transmission  of  light  they 
should  be  absolutely  transparent  media.  On  the  other 
hand,  both  intrinsic  luminosity  and  distance  are  factors  in 
determining  the  magnitude  of  any  given  star,  and  the  in- 
fluence of  both  factors  is  presumably  represented  in  any 
considerable  group  of  stars  of  like  magnitude,  rendering  a 
fainter  group  both  more  distant  and  less  luminous  than  a 
brighter  one. 

The    <■"'  priori   probabilities   in   the  case  are   somewhat 

strengthened  by  the  sequence   of  the   numbers  log  =   in 

Table  II.  It  is  not  apparent  that  the  distribution  of  the 
brighter  stars,  as  respects  distance,  should  be  such  as  to 
give  a  markedly  greater  coefficient  of  variability  than  is 
presented  by  the  fainter  stars.     I  am,  therefore,  inclined 

to  regard  the  larger  values  of  log  ^  for  the  brighter  stars 

as  arising  from  the  use  of  relatively  too  small  a  value  for 
L  in  their  derivation,  but  the  amount  of  such  error,  if  any, 
can  not  be  determined  from  the  data  at  present  available. 
If  we  accept  Kaptetn's  conclusion  that  the  maximum  per- 
missible value  of  the  absorption  coefficient  is  about  one- 
third  or  one-fourth  of  the  value  above  found,  a  =  0.184, 


it  will  indeed  be  possible  to  determine,  at  once,  at  least  a 
rough  approximation  to  the  law  of  change  in  the  luminosity, 
and  to  the  distribution  of  the  parallaxes  about  their  mean 
value.  But  this  conclusion  ought  not  to  be  adopted  with- 
out some  consideration  of  the  ground  upon  which  it  rests, 
viz.  :  that  any  absorption  coefficient  so  great  as  o  =  0.184 
of  necessity  leads  to  inadmissible  densities  in  the  remoter 
parts  of  the  stellar  system. 

The  analysis  leading  to  this  result  involves  the  follow- 
ing unverified  hypotheses,  which  I  state  as  nearly  as  prac- 
ticable in  the  words  of  their  author: 

('/)  He  assumes  "q  (L)  to  be  independent  of  the  dis- 
tance." 

(li)  "The  tacit  assumption  has  been  made  that  A  is  a 
function  of  p  only." 

(c)  "  Both  the  functions  xj/  and  A  must  be  assumed  to 
be  given  by  the  formulas  r>  and  6  for  values  of  L  and  p, 
ranging  from  zero  to  c»,  whereas  even  by  somewhat  strain- 
ing the  observations"  they  are  determined  only  over  a 
finite  range  of  values,  and  even  this  range  I  can  not  con- 
cede to  be  as  wide  as  Kapteyn  affirms. 

((/)  "The  following  method  ....  rests  in  the  hypothe- 
sis that  ij/  (z)  is  the  same  at  different  distances  from  the 
sun, .that  is,  it  assumes  that  intrinsically  small  and  bright 
stars  are  mixed  in  the  same  proportions  at  various  dis- 
tances from  the  sun." 

(«)  "  This  determination  was  based  on  the  hypothesis 
that  the  quantities 

»  =  log  — 

are  distributed  according  to  the  law  of  errors." 

Some  of  the  above  hypotheses  seem  open  to  serious  objec- 
tion, but  whatever  opinion  may  be  entertained  with  regard 
to  their  individual  plausibility,  their  combined  result,  in  my 
judgment,  can  have  no  value  other  than  that  of  a  criterion 
by  which  to  test  the  hypotheses  themselves.  As  a  question 
of  scientific  method  the  legitimate  use  of  an  hypothesis  ap- 
{(ears  to  me  entirely  analogous  to  the  use  of  an  unknown 
quantity  in  elementary  algebra.  It  is  introduced  into  the 
problem,  and  used  for  a  time  as  if  known,  but  ultimately 
its  value  is  to  be  ascertained  in  terms  of  the  elements 
otherwise  known.  Kapteyn  appears  to  have  pursued  the 
converse  course,  and  to  have  determined  the  other  elements 
of  the  problem  in  terms  of  his  five  hypotheses  whose  values 
still  remain  unknown. 

But  even  though  the  validity  of  these  hypotheses  be 
conceded  as  far  as  the  observed  data  extends,  their  appli- 
cation still  seems  open  to  question.  Within  the  range  of 
distances  from  the  sun  corresponding  to  the  observed  data 
upon  which  Kapteyn's  investigation  is  professedly  based, 
the  anomalies  produced  by  the  introduction  of  an  absorb- 
ing medium  such  as  is  above  supposed,  are  not  very  con- 
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siderable.     Their  serious  character  becomes  apparent  only  I 

when  the  empirical  relations  are  extrapolated  beyond  the  I 

data  upon  which  they  are  based.     I  suppose  the  last  line  ' 
of   Table  I  to  represent  the  limit  of  present  knowledge 

with  respect  to  stellar  parallax  and  luminosity,  and  at  this  , 

limit,  which  I  suppose  to  approximate  to  the  region  of  the  ' 

galaxy,  it  imposes  no  serious  tax  upon  one's  credulity  to  I 

believe,  if  necessary,  that  the  average  distance   of   each  i 

star  from  its  nearest  neighbor  is  only  one-fifth,  or  even  | 

one-tenth,  of  the  corresponding  distance  in  the   regions  | 

nearer  to  the  sun.     The  million-fold  increase  of  density  j 

presented  by  Kaptetn  as  a  consequence  of  the  supposed  ' 

absorbing  medium  is  found,  according  to  his  analysis,  only  ! 

at  distances  from  the  sun  corresponding  to  a  parallax  of  ; 

n'asliburn  Observatory,  1904  October. 


0".001  or  0".002.  These  numbers  represent  a  distance 
from  the  sun  about  three-fold  greater  than  the  maximum 
that  has  yet  been  measured,  and  I  must  confess  both  my 
ignorance  of  the  characteristics  of  this  region  and  my  un- 
willingness to  extrapolate  into  it  relations  that  are  of 
doubtful  validity  nearer  home. 

1  regard  as  entirely  plausible  Kaptkyn's  view  that  the 
absorption  of  light  in  the  interstellar  spaces  is  represented 
by  a  coefficient,  a,  whose  magnitude  does  not  exceed  a  few 
one-hundredths,  but  I  prefer  to  make  this  view  depend 
upon  the  reasons  above  adduced  for  a  diminishing  lumi- 
nosity of  the  stars  with  their  diminishing  brightness, 
rather  than  to  base  it  upon  the  highlj-  hypothetical  argu- 
ment advanced  bv  Kapteyx. 


EPHEMERIS   OF   COMET   ct   1904    (brooks)* 

By  HERBERT  L.  RICE,  Naval  Observatory. 
[Communicated  by  Rear-Admiral  C.  M.  Chester,  U.S.X.,  Superintendent.] 


The  following  ephemeris  is  a  continuation  of  that  given 
by  A.  A.  NiJLAXD  in  Astr.  Hachr.,  Nos.  3952  and  3963. 
The  parabolic  elements  adopted  by  Nijland  are  published 
by  him  in  A.N.  No.  3952. 

The  brilliancy  of  the  comet  remains  practically  constant 
from  Oct.  10  to  the  end  of  the  year,  soon  after  which  it 
will  begin  to  diminish  quite  rapidly.  Observations  made 
with  the  26-inch  equatorial  at  the  U.S.  Naval  Observatory, 
about  the  middle  of  October,  indicate  that  good  observa- 
tions of  this  object  might  readily  be  made  with  the  larger 
instruments  during  November  and  December. 


Ephemeris  of  Comet  a  1904. 


G.M.T. 

Oct.    .30.5 


Nov. 


1.5 
3.5 
5.5 
7.5 
•1.5 
11.5 
13  5 


12  36  50 
37  22 

37  46 

38  07 
38  26 
38  42 
38  55 

12  39     5 


+  43  47.3 

43  58.3 

44  10.2 
44  22.9 
44  36.5 

44  51.0 

45  6.4 
+  45  22.7 


log  A 

0.5999 
.5986 
.5973 
.5959 
.5945 
.5930 
.5915 

0.5899 


Br. 

0.18 
.18 
.18 
.18 
.18 
.18 
.18 

0.18 


G..M.T.  a  8  log  A  Br. 

19»4  b       m       a  o        ' 

Nov.  15.5  12  39  11  +45  40.0  0.5883  0.18 

17.5  39  13  45  58.2  .5866  .18 

19.5  39  12  46  17.3  .5849  .18 

21.5  39     7  46  37.2  .5832  .18 

23.5  38  57  46  58.0  .5814  .18 

25.5  38  43  47  19.7  .5796  .18 

27.5  38  23  47  42.3  .5778  .18 

29.5  37  58  48     5.8  .5760  .18 

Dec.     1.5  37  27  48  30.2  .5742  .18 

3.5  36  50  48  55.5  .5724  .18 

5.5  36     7  49  21.7  .5705  .18 

7.5  35  17  49  48.7  .5i«7  .18 

9.5  34  20  50  16.6  .5669  .18 

11.5  33  15  50  45.2  .5651  .18 

13.5  32     1  51  14.5  .5634  .18 

15.5  30  39  51  44.5  .5617  .18 

17.5  29     8  52  15.2  .5601  .18 

19.5  27  27  52  46.5  .5586  .18 

21.5  12  25  37  +53  18.3  0.5571  0.18 

Comparison  with  an  observation  made  here  Oct.  17  gives 

as  corrections  to  the  ephemeris :     Ja  =  —'2' ,  J&=i  —  0'.4. 


Mr.  E.  I.  Yd  WELL,  of  the  Naval  Observatory,  is  making  a  defini- 
tive determination  of  the  orbit  of  Comet  u  1904  (Brooks),  and  re- 


quests that  all  yet  unpublished  observations  of  it  be  prinle«l  »,<  soon 
as  possible. 


'  From  Supplement  to  -Vo.  56S. 


144 


THE     A  S  T  U  O  N  0  M  LC  A  L     J  (J  U  li  N  A  L . 


N°  -)G9 


OBSERVATIONS  OF  SUNSPOTS, 

MADE    AT    BOSTON    UNIVEKSITY    OBSERVATOKV, 


By  ROBERT 

E.  BRUCE. 

Eastern  H.T. 

Griiupg 

Spots  In 

Groups 

Totals 

Dcf. 

Eiistern  M.T. 

Groups 

Spots  Id  Groups 

Totals 

Uef. 

1903 

N 

s 

« 

S 

Groups 

Spots 

IW)3-I90* 

N 

s 

N 

8 

Groups 

Spots 

d        h 

(1       h 

Sept.  22    0 

0 

0 

0 

0 

0 

0 

G 

Dec.  15  21 

3 

1 

7 

3 

4 

10 

E 

23     1 

0 

5 

0 

1 

5 

G 

17     0 

3 

2 

6 

5 

5 

11 

G 

24     4 

0 

4 

0 

1 

4 

1' 

IS      1 

2 

1 

4 

2 

3 

6 

F 

24  21 

0 

7 

0 

1 

7 

G 

19     1 

2 

1 

4 

6 

3 

10 

E 

25     4 

0 

12 

0 

1 

12 

F 

20  21 

2 

1 

12 

5 

3 

17 

E 

25  21 

U 

4 

0 

1 

4 

i; 

22     2 

2 

0 

10 

0 

2 

10 

E 

26     0 

0 

7 

0 

1 

7 

G 

23     2 

2 

0 

4 

0 

2 

4 

P 

27  ^1 

1 

2 

3 

2 

5 

G 

28     0 

1 

2 

2 

5 

3 

7 

G 

28     4 

1 

3 

6 

o 

9 

G 

29  23 

1 

O 

6 

14 

3 

20 

E 

28  21 

0 

1 

0 

2 

1 

2 

G 

31     3 

0 

2 

0 

9 

2 

9 

G 

30     4 

0 

1 

0 

2 

1 

2  ■ 

E 

)iH>4 

30  21 

0 

1 

0 

1 

1 

1 

G 

Jan.     1     1 

0 

3 

0 

21 

3 

21 

F 

3  23 

1 

2 

1 

4 

3 

5 

P 

Oct.     2  22 

1 

0 

10 

0 

1 

10 

V 

5     2 

1 

o 

1 

3 

3 

4 

P 

5  21 

1 

1 

16 

13 

o 

29 

V 

6  23 

o 

1 

3 

1 

3 

4 

P 

7  23 

1 

2 

10 

5 

3 

15 

G 

11     1 

1 

0 

3 

0 

1 

3 

F 

13  21 

1 

1 

1 

54 

<> 

55 

G 

14     0 

2 

0 

5 

0 

2 

5 

F 

16     3 

1 

1 

3 

13 

2 

16 

F 

15     1 

2 

0 

6 

0 

2 

6 

G 

18  21 

1 

0 

1 

0 

1 

1 

P 

18     0 

2 

0 

12 

0 

2 

12 

P 

19     3 

1 

0 

2 

0 

1 

o 

F 

19     0 

2 

0 

3 

0 

O 

3 

P 

19  21 

1 

1 

2 

7 

2 

9 

G 

25     1 

1 

2 

1 

14 

3 

15 

G 

20  21 

1 

1 

1 

4 

o 

5 

G 

27     0 

0 

2 

0 

6 

2 

6 

F 

22     1 

1 

0 

3 

0 

1 

3 

G 

26  22 

0 

1 

0 

15 

1 

15 

G 

Feb.     3     1 

1 

0 

1 

0 

1 

1 

G 

28     1 

0 

1 

0 

17 

1 

17 

G 

3  23 

2 

0 

2 

0 

2 

2 

F 

28  23 

1 

1 

1 

19 

2 

20 

G 

5     1 

2 

0 

9 

0 

2 

9 

G 

30     1 

1 

1 

5 

17 

2 

22 

G 

8     1 

2 

0 

28 

0 

2 

28 

F 

30  23 

1 

1 

5 

42 

2 

47 

E 

10     1 

<> 

0 

17 

0 

2 

17 

P 

12     1 

2 

0 

12 

0 

2 

12 

F 

Nov.    2     3 

2 

2 

4 

20 

4 

24 

F 

16     0 

0 

0 

0 

0 

0 

0 

F 

2  22 

1 

2 

25 

20 

3 

45 

E 

17     1 

1 

0 

1 

0 

1 

1 

F 

3  21 

1 

2 

25 

32 

3 

57 

G 

18     3 

1 

1 

1 

2 

2 

P 

7     0 

1 

2 

10 

53 

3 

63 

F 

19  23 

1 

5 

6 

2 

11 

G 

9     3 

1 

2 

9 

86 

3 

95 

E 

23     1 

1 

5 

17 

2 

22 

G 

11     1 

1 

2 

2 

35 

3 

37 

P 

24  22 

1 

3 

11 

2 

14 

G 

11  22 

0 

2 

0 

62 

o 

62 

G 

25  21 

1 

2 

5 

2 

7 

F 

13     1 

0 

2 

0 

46 

3 

49t 

G 

IS  23 

0 

1 

0 

2 

1 

2 

G 

JIai-.    4     3 

0 

2 

0 

7 

2 

7 

F 

20     1 

0 

1 

0 

6 

1 

6 

F 

4  22 

0 

2 

0 

7 

2 

7 

F 

23     1 

0 

0 

0 

0 

0 

0 

P 

8  21 

2 

2 

9 

7 

4 

16 

E 

23  23 

0 

3 

0 

7 

3 

7 

E 

9  23 

2 

1 

5 

2 

3 

7 

F  ' 

24  21 

0 

2 

0 

4 

2 

4 

F 

ni  21 

1 

1 

1 

1 

2 

2 

G 

25  23 

1 

2 

1 

5 

3 

6 

P 

23     4 

3 

0 

6 

0 

3 

6 

F 

26  23 

1 

2 

3 

5 

3 

8 

F 

24     2 

3 

2 

30 

9 

5 

39 

E 

28     2 

1 

1 

3 

2 

2 

5 

F 

28  22 

3 

1 

11 

6 

4 

17 

E 

29  20 

1 

1 

4 

6 

2 

10 

G 

30  "o 

3 

1 

8 

8 

4 

16 

E 

30  22 

] 

2 

5 

2 

3 

7 

P 

31  22 

3 

0 

5 

0 

3 

5 

G 

Dec.     4     1 

1 

3 

2 

17 

4 

19 

G 

tApi-.     1  22 

3 

0 

7 

0 

3 

7 

G 

6  21 

2 

5 

4 

29 

7 

33 

G 

t3  23 

3 

0 

11 

0 

3 

11 

G 

8     2 

2 

5 

6 

38 

7 

44 

E 

5     1 

2 

0 

15 

0 

2 

15 

E 

9  22 

1 

3 

6 

27 

4 

33 

G 

5  21 

1 

0 

5 

0 

1 

5 

F 

11     1 

1 

2 

4 

18 

3 

22 

G 

7     3 

1 

1 

4 

1 

2 

5 

G 

12     3 

1 

2 

3 

15 

3 

18 

F 

7  21 

1 

1 

2 

3 

2 

5 

E 

13  21 

1 

2 

10 

10 

3 

20 

G 

11     1 

2 

1 

2 

10 

3 

12 

F 

15     3 

2 

1 

6 

2 

3 

8 

G 

12     3 

1 

1 

1 

13 

2 

14 

E 
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Eastern  M.T. 

Groups 

Spots  In  Groups 

Totals 

Def. 

Eastern  H.T. 

Gronps 

Spots  Id  Gronps 

Totals 

Det 

1904 

N 

s 

N 

s 

Groups 

Spots 

19M 

N 

8 

N 

13 

8 

Groups 

Spou 

d      ta 

Apr.  12  21 

1 

1 

13 

2 

14 

G 

d      b 

May    2    3 

4 

2 

3 

6 

16 

G 

13  22 

2 

2 

14 

3 

16 

F 

3    0 

4 

2 

17 

4 

6 

21 

E 

14  21 

o 

3 

18 

3 

21 

G 

3  21 

3     !     2 

23 

16 

5 

39 

E 

Hi     2 

2 

2 

12 

3 

14 

E 

5     1 

2 

1 

17 

14 

3 

31 

E 

17  21 

2 

4 

18 

3 

22 

G 

6     1 

2 

1 

- 

7 

3 

14 

G 

lit     0 

2 

3 

14 

3 

17 

G 

6  23 

1 

1 

6 

15 

2 

21 

E 

19  21 

2 

2 

2 

10 

4 

12 

E 

9  23 

1 

3 

4 

30 

4 

34 

G 
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2 
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7 

20 

4 

27 
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3 

17 
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2 

2 

20 
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4 
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6 

17 

3 

23 
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3 

2 

14 
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5 
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(; 

13     1 

2 

1 

18 

12 

4 

31t 

G 

23     0 

3 

2 

21 

15 

5 

36 

K 

16     0 

3 

0 

22 

0 

3 

22 

G 

25     1 

2 

2 

28 

14 

4 

42 

G 

16  21 

2 

0 

21 

0 

2 

21 

P 

1            25  22 

1 

1 

19 

13 

2 

32 

F 

30     3 

2 

2 

Ifi 

11 

4 

27 

E 

t  Totals  include  a  group,  the  position  of  which  was  not  accurately    | 
determined. 

J  Observations  up  to  and  including  March  11,  also  observations  of 
April  1  and  8,  were  made  with  "".1  refractor.  All  other  observations 
Were  with  .J"  refractor. 

For  explanations,  see  A.J.  406. 

Sixty-nine   groups  were  observed,  not  coimting  probable  recur-    j 
rences,   containing  O'o  different  spots,   each  group  being  credited 
with  the  greatest  number  of  spots  counted  at  any  one  time.     The    I 


latitude  was  determined  for  66  groups  containing  069  spots.  These 
show  the  following  distribution  :  30  groups,  containing  24fl  spots, 
were  north  of  the  equator,  and  36  groups,  containing  420spots,  were 
south  of  the  equator. 

There  seems  to  be  ground  for  concluding  that  six  groups  were 
observed  through  two  rotations  of  the  sun.  The  following  table 
gives  the  basis  for  this  conclusion,  in  some  cases  not  fully  con- 
vincing : 


Xear  M 

eriilian 

Latltuile 

tw\e 

1st  Rota. 

2a  Rota. 

1st  Rotation 

id  Rotatio 

I.i't  Rotation 

ii\  Rotation 

1. 

Mar.    8 

Apr.     6 

18°  X. 

17°  X. 

26° 

16°  to  23° 

2. 

Sept.  22 

Oct.   19 

13°  N. 

15°  X. 

90°  to  94° 

9U° 

3. 

Dec.   13 

.Ian.  10 

14°  X.  to  18°  N. 

17°  X. 

89°  to  102° 

86°  to  8S° 

4. 

Mar.  30 

Apr.  27 

15°  X. 

13°  X'.  to  14° 

X. 

108° 

106°  to  115= 

5. 

Feb.   22 

Mar.  21 

19°  X. 

11°  X.  to  19° 

X. 

235° 

236°  to  239 

6. 

Apr.   14 

Mav  11 

1.5°  S.  to  18°  S. 

18=  S.  to  22° 

s. 

271°  to  279° 

277°  to  282 

It  will  be  noticed  from  the  above  table  that  group  2  occupied 
practically  the  same  position  that  was  occupied  later  by  group  3,  one 
rotation  intervening. 

One  of  the  large  groups  of  the  year,  not  included  in  the  above 
table,  was  near  the  meridian  Xov.  10.  It  extended  in  longitu<ie  from 
161°  to  181°,  and  in  latitude  from  20°  S.  to  24°  S.  At  the  next  ap- 
pearance of  this  region  a  single  spot  was  discovered  at  longitude 
183°,  latitude  18°  .S. ;  and  a  group  of  29  spots  occupied  a  position  at 
longitude  152°  to  161°,  latitude  15°  S.  to  27°  S.  The  former  dis- 
turbance had  apparently  been  replaced  by  two  disturbances,  one 
ahead  of  its  old  position,  and  the  other  behind  it. 

The  following  data  seem  to  indicate  that  one  group,  not  included 
i.T  the  list  above,  persisted  through  four  rotations  : 

Xear  Meridian  Latitude  Longitude 

1st  notation  Oct.  8  14°  N.  to  15°  X.  243°  to  247° 
Xov.  5  14°X.  tol6°X.  229°to2.i0° 
Dec.  2  16°  X'^.  to  18°  N.  233°  to  238° 
Dec.  30        19°  X.  to  21°  N.        232°  to  235° 


It  will  be  seen  from  the  above  that  this  group,  if  it  be  a  recurrence, 
reached  its  maximum  extent  in  longitude  during  the  second  rotation. 
It  gradually  receded  from  the  equator.  It  is  interesting  to  note  that 
at  a  later  date  group  -"j  in  the  first  table  of  recurrences  occupied 
nearly  the  same  region. 

Observations  were  made  with  especial  care  upon  spots  with  penum- 
bral  areas  of  regular  shape,  whenever  such  were  found  near  either 
limb,  in  order  to  ascertain  whether  the  spots  had  the  appearance  of 
elevations  or  depressions.  The  results  were  as  follows  :  3  had  the 
appearance  of  elevations,  11  that  of  depressions,  whiles  presented 
neither  phenomenon.  Three  spots  were  observed  when  practically 
crossing  the  limb,  but  no  one  of  them  appeared  either  as  a  depres- 
sion or  elevation,  although  one  of  them  when  a  little  farther  on  the 
disk  was  clearly  seen  as  a  depression. 


2d  Rotation 
3d  notation 
4th  Rotation 


A   NEAV 


VARIABLE  STAR   OF   SIIOIM"    I'KKIOD. 

By  j.  MILLER  BARR. 


As  the  result  of  a  series  of  observations  made  within 
the  past  three  months.  I  am  able  to  announce  that  the  star 
32  Ca.i.'siopeiae  =  DM.  +64°127  is  a  rapidly-changing  vari- 
ble.  It  is  one  of  a  pair  of  naked-eye  stars  —  about  49' 
apart  —  whose  approximate  places  for  1900  are  thus  given 
in  the  Harvard  Fhotometric  Diirchiniisteniiir/: 


R.A 


1   5.0 
1  5.1 


Decl.  +63  40 
+  64  29 


DM.  +63"'149 
32  Cd.'isiopeiiie 

These  stars  are  rated  as  equal  (5". 48)  in  the    revised 
Harvard  Photometry.     Augelander  makes  32  Casnio/ifiae 


the  brighter  by  0".l,  and  a  similar  difference  is  found  in 
the  Fhotometrir  Inirc/iiiiiixteriitii/.  The  photographic  mag- 
nitudes and  spectrum-class  are  thus  given  in  the  I>rajier 
Catalogue  :  32  Owsiopeiae-J,  5.34  ;  DM.+63°149-.-».  5.40. 
My  observations  of  these  stars  were  made  with  an  ordi- 
nary binocular,  by  Arcklander's  method.  Great  care  has 
been  exercised  in  making  tlie  comparisons,  and  I  have 
good  re;isou  to  believe  that  the  observations  are  practically 
free  from  systematic  errors  depending  on  the  n^lative  po- 
sitions of  the  stars.  Occasioiuil  comparisons  have  also 
been  made  with  DM.  +63°99  (rateil  as  5". 37  in  the  revised 
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H.P.).  These  show  clearly  that  32  Cassiopeiae  is  the 
variable.  I  find  that  the  latter  is  alternately  brighter  and 
fainter  than  DM.  +6;V'149.  the  extreme  range  being  about 
seven  grades,  or  0". 4.  The  period  —  or  more  exactly,  tlie 
interval  between  successive  maxima  or  minima — is  very 
nearly  elijlit  hours.  This  is  the  shortest  period  hitherto 
found  among  the  brighter  stars.  The  star  has  been  vvatclied, 
at  intervals,  through  a  complete  period  on  five  nights, 
viz. :  Aug.  26-27,  Sept.  10-11, 12-i;5,  i;5-14  and  Oct.  30-31. 
Both  the  increase  and  decrease  of  light  are  very  rapid. 
On  Sept.  15  the  variable  decreased  by  about  one-third 
magnitude^  within  twenty  minutes,  viz. :  between  20"  30"' 
and  20''  nO'"  Eastern  Standard  Time.  On  October  2  a  de- 
crease of  about  0''.3  in  ten  or  twelve  minutes  was  recorded. 
The  observations  of  Oct.  30-31  show  that  the  increase  takes 
place  with  about  equal  rapidity. 

The  rapid  decrease  in  the  light  of  this  variable  renders 
it  possible  to  determine,  with  some  accuracy,  the  epochs  at 
which  the  starappears  equal  in  brightness  to  DM.  +  G3°149. 
Up  to  the  present  I  have  secured  thirteen  observations  of 
this  phase,*  as  follows  : 


Sept.  G 

20  50 

13 

20  42 

17 

20  57 

18 

21  5 

19 

21  35 

22 

20  55 

29 

20  27 

Sept.  30 

20  17 

Oct.   2 

20  16  ± 

14 

19  35 

17 

19  29 

30 

18  46 

31 

2  53 

The  phase  r  =  a  was  not  directly  observed  ou  October  2, 
but  the  following  observations  were  recorded :  20''  10"", 
y2^a  :  20'' 20-22"",  a2r.  [v  =  S2Cassinpelae,  «  =  DM.+63°149.] 
The  epochs  are  given  in  Eastern  Standard  Time.  It  will 
be  seen  that  these  observations  point  to  an  oscillation  in 
the  period  —  or  possibly  in  the /or;»,  of  the  light-curve.f 
Combining  the  observations  of  September  6  and  October  30, 
the  mean  period  for  the  interval  is  found  to  be  7''  59'".2. 
The  probable  error  of  this  period  will  not  exceed  0'".1. 
For  the  interval,  Aug.  26-Oct.  30,  a  mean  period  of  about 
7"  59'".2  is  indicated.}  I  hope,  later  on,  to  determine  the 
period  with  some  accuracy  from  a  considerable  number  of 

*It  is  believed  tliat  tlie  maximum  error  in  an  observation  of  this 
kind  will  not  exceed  15"',  while  the  probable  error  will  fall  below  5"". 

t  The  changes  here  referred  to  cannot  be  attributed  to  errors  of 
observation,  nor  to  variation  in  the  light  of  the  chief  comparison- 
star,  DM.  +63°149. 

}  The  observations  of  Aug.  26-27  afford  only  rough  time-estima- 
tions for  the  phase  b  =  a. 

St.  Catharine' s,   Ontario,  Canada,  1904  Nov.  S. 


observations.  No  accurate  observations  of  the  phase  r=a, 
with  y  incrensimj,  have  as  yet  been  secured.  The  records 
of  October  30  sliow  that  this  phase  occurred  about  3"'  24°' 
later  than  the  corresponding  phase,  with  v  decre'isi7ig.  The 
time-interval  between  these  phases  is  evidently  variable. 
It  was  about  Jive  hours  on  Sept.  12-13  and  13-14,  accord- 
ing to  the  records  of  those  dates. 

My  first  observations  of  32  Cassiopeiae  and  DM.  +  G3°149 
were  made  on  August  20.  The  variation  in  relative  bright- 
ness was  discovered  a  few  days  later.  Up  to  date  I  have 
secured  173  complete  observations  of  these  stars,  V)esides  a 
number  of  comparisons  with  DM.  +63"'99. 

It  may  be  desirable  to  indicate,  in  a  few  words,  the 
writer's  method  of  observation.  Xo  attenipt  is  made  to 
observe  the  stars  together,  but  each  in  turn  is  quickly 
brought  to  the  centre  of  the  field  ;  the  comparisons  being 
repeated  until  the  observer  feels  satisfied  that  the  result 
which  he  writes  down  is  substantially  correct.  I  have 
found  it  advantageous  to  compare  the  stars  both  directly 
and  by  slightly  averted  vision;  the  binocular,  in  each 
case,  being  carefully  focussed.  It  seems  evident  that  this 
procedure  must  yield  results  sensibly  free  from  systematic 
errors,  otlier  than  tho.se  due  to  the  varying  value  of  a  grade 
for  diiferent  intervals  and  magnitudes. 

6 
4 
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I 

i      0 

I    -2- 

o     — ^ 

-6 

012345676 

HOURS. 

LiGUT-CiuvE  OF  32  Cassiopeiae. 

A  first  approximation  to  the  light-curve  of  32  Cassiojieiae 
is  shown  in  the  annexed  diagram.  It  is  based  mainly  on 
the  records  of  a  single  night  (Oct.  30-31),  though  some 
additional  data  have  been  utilized  in  drawing  the  steeper 
parts  of  the  curve.  The  black  dots  represent  the  observa- 
tions of  Oct.  30-31.  The  abscissa  of  four  hours  corre- 
sponds to  20*'  28""  Eastern  Standard  Time,  which  is  nearly 
the  time  of  central  minimum. 

The  provisional  light-curve  suggests  that  32  Cassiopeiae 
may  be  an  "eclipse-variable." 
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THE   COMPUTATIOX   OF 

Bv  LOUIS  B. 

Given   the   latitude  and   longitude  of   a  point   on  the  | 
earth's  surface,  and  the  length  and  azimuth  of   the  line 
drawn  from  it  to  a  second  point,  to  find  the  latitude  and 
longitude  of  the  second  point  and  the  azimuth  of  the  first 
as  seen  from  the  second. 

The  following  solution  of  the  above  problem  appears  to 
the  writer  to  offer  certain  advantages  over  anj-  other  that 
has  come  to  his  notice,  being  in  the  convenient  form  of 
convergent  series,  in  which  a  sufficient  number  of  terms 
are  retained  to  render  the  method  applicable  to  longer  dis- 
tances than  have  ever  occurred  in  any  primary  triangu- 
lation;  and  at  the  same  time,  by  the  omission  of  the 
smaller  terms,  giving  a  convenient  solution  for  the  mod- 
erate distances  that  occur  most  frequently  in  a  trigono- 
metric survey.  The  terms  of  the  higher  orders  moreover 
do  not  assume  such  complicated  forms  as  to  render  the 
method  unsuitable  for  practical  use. 


While  it  is  not  claimed  that  the  principle  of  the  method 
is  new,  it  is  thought  that  the  formulas  derived  have  not 


GEODETIC   POSITIONS, 

STEWAKT. 

before  been  published,  with  the  exception  of  those  which 
have  been  borrowed  from  well  known  sources  to  complete 
the  problem,  and  extended  so  as  to  meet  the  requirements 
of  the  extreme  distances  here  contemplated. 

It  is  assumed  that  in  reducing  the  lengths  of  the  sides 
of  a  triangulation  to  differences  of  latitude  and  longitude 
the  computations  are  carried  to  the  nearest  thousandth  of 
a  second,  and  on  that  basis  an  investigation  is  made  of  the 
minimum  distances  for  which  certain  terms  become  appre- 
ciable. 

Referring  to  the  diagram,  A  represents  the  given  point, 
and  B  that  whose  position  is  required  ;  C  is  the  pole,  AC 
and  HC  the  meridians,  and  .-l-Vand  I>y  the  normals  at 
the  two  points  ;  CKS'  is  the  axis  of  the  spheroid.  A'B'C 
is  a  triangle  on  the  surface  of  an  imaginary  sphere  whose 
center  is  X 

g)i  and  g,  the  geographical  latitudes  of  .-1  and  /.',  respec- 
tively ; 
Z,,  and  Z,,  their  longitudes ; 

a,  and  a.,  their  azimuths  reckoned  from  the  north  towards 
the  east ; 
Jcf  their  difference  of  latitude  (=  (y,— gi); 
JL  their  difference  of  longitude  (=  Z.,— L,) ; 
Ja  the  convergence  of  their  meridians  ; 

.<  the  distance  A  H ; 
N^  the  length  of  the  normal  .l.V; 
o-  the  angle  AX  It. 

In  the  triangle  A'B'C  we  have  given  then  the  parts 
A'C  (=  90°-^-,),  A'B'  {=  (t),  and  B'A'C  (=  «,">,  and  by 
solving  this  triangle  by  the  methods  of  spherical  trigo- 
nometry, we  obtain  first  approximations  to  the  required 
quantities,  with  the  exception  of  the  difference  of  longi- 
tude which  is  given  correctly  for  the  spheroid  ;  the  differ- 
ence of  latitude  and  the  reverse  azimuth,  however,  must 
receive  corrections  to  reduce  them  to  the  spheroid. 

We  proceed  first  to  the  determination  of  the  difference 
of  latitude.  This  may  be  found  in  two  parts  by  drawing 
a  perpendicular  from  />"  to  A'C,  and  finding  the  length  of 

(U7) 
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the  arc  A'B,  aud  tlie  difference  of  latitude  of  I)  and  B'. 
Denoting  A'I>  by  n,  and  /'/•"  by  r,  wo  have 

11  =  tan~'  (cos  rt,  tan  a) 
V  =  sin~'  (sin  «,  sin  a) 

tlien  expanding,  niultiplj'ing,  out  and  arranging,  these  ex- 
pressions become 

u  =  cos  «,  tan  a  —  \  (cos  «,  tan  o-)'  +  \  (cos  Kj  tan  c)'  — 

=  cos  «!  (<T  +  ^  o-'  +  -,-5  O-')  —  ^  cos'  «!  (<r*  +  <r')  +  i  it'  COs'  «; 

=  o-  cos  «,  +  \  0-'  cos  a,  sin'  a, 

"^  ft  "■''  ^°^  "i  sin'«,  (1  — ij  cos'k,) 
('  =  <r  sin  rt,  —  J  0-'  sin  a,  cos"«. 

Then,  on  substituting  in  the  first  of  these 

s 
y  =  <7  cos  rt]  =  -^  cos  rti 

we  have,  in  seconds  of  arc, 

V  v'tan'^a,      2iy'tan''«,  „      „ 

(1)        u  =  -^^+  o    •    ■.,/  +  /r    ■    -.„  (tan=rt,-^) 
^  '  sinl"^  Ssinl"  ^  15  sin  1"   ^  '     ^' 

Again,  denoting  the  difference  of  latitude  of  D  and  B' 
by  d  we  have 

d  =  CD  -  C'B' 

also  cos  C'B  =   cos  CD  cos  ?; 

or         cos  (CD— d)   =  cos  CZ*  cos  i; 

Then  expanding  the  cosines  and  sines  of  small  angles  we 
have 

/  d^^  f  V-        V^ 

cosCD(l-^)+dsmCD  =  cos  CD  (l- j^+ ~ 

^,^       d"  v"       V* 

or  rftanC'J^-^  =   _^+_ 

Then  assuming  as  a  first  approximation 


d  tan  CD  =  —  -    or     d 
and  substituting  in  d"  we  have 


cot  CD 


d  t&n  CD  =  _  _  +_  (1  +  3  cot=  CD) 

Then  introducing  the  value  of  v  given  above,  this  becomes 

d  tan  CD  =  —  ^  o--  sin'' a,  +  ^  a-*  sin'' a,  cos'' a, 
+  ^L  0-*  sin^rti  (1  +  3  cot-  CD) 

If  we  uosv  denote  the  latitude  of  D  by  qp',  and  substitute 


X  =  <7  sm  «,  =  — -  sm  rt, 


we  have,  in  seconds 


d  =  -  P^'^^  +  -f^'  +^r,;  (1  +  3  tan'„')     (2) 
2sinl"         6  sin  1"       248inl'^  ' 

The  difference  of  latitude  on  the  sphere  is  consequently 

Jq'  =  u  +  d  (3) 

The  relation  between  Jq,  the  true  difference  of  latitude, 
and  .Jq'  must  next  be  found.     Let 

s'  =  the  length  of  the  meridian  arc  included  between  the 

parallels  of  latitude  of  A  and  B; 
Ji,„  =  the  radius  of  curvature  of  the  meridian  correspond- 
ing to  the  mean  of  the  latitudes  qi„  of  the  two 
points  ; 


then  taking  the  two  expressions  for  s', 


s'  =  i\'i  Jq'    1 


"^1 


Jq'  '■'  cos'  (fi ) 


.s'  =  i?„  Jq  (1  +  ^  e'  Jq''  cos2(y„) 

(vide  JoKDAX,  Handhuch  des  Vermessungskiinde ,  Vol.  3,  p. 
371,  and  Zachariae,  Geoddtische  Haiipt]mnkte,  p.  17),  and 
equating  them,  we  have,  on  solving  for  Jq, 


Jq  —  Jq 


,^ 


1-i 


:j ■„  sin'l"z/()p"'cos''gr,      ) 

—  J^  e"  sin-]"  Jq''  cos  2q^  )      i 


(4) 


which  gives  the  required  relation. 

In  using  this  expression,  as  R^  corresponds  to  the  mean 
of  the  true  latitudes  of  ^1  and  B,  a  preliminary  computa- 
tion of  Jq  may  be  made  by  using  the  first  term  of  (4)  and 
the  value  of  R„  corresponding  to  the  latitude  qr,  +  ^  Jf' ; 
and  then  a  second  approximation  to  the  value  of  Jq  may 
be  made  by  interpolating  a  new  value  of  R„  corresponding 
to  the  corrected  mean  latitude.  Jq  in  the  right-hand 
member  is  the  value  of  that  quantity  found  by  the  first 
term  alone. 

If  gij  =  45° N.  and  Jq'  =  1°,  the  sum  of  the  last  two 
terms  in  brackets  amounts  to 

-0".000608 

and  it  evidently  decreases  as  the  latitude  increases. 

Let  us  next  examine  the  terms  of  the  higher  orders  in 
(1)  and  (2)  to  find  under  what  conditions  they  may  safely 
be  neglected.  The  third  term  in  (1)  evidently  vanishes 
when 

sec  «i  =  ±  Vi 
or  when 

a,  =     35  16     or     144  44 
215  16     or     324  44 

and  also  when  «,  =  0°  or  180°.     Also,  the  values  of  a^  for 
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which  the  term  is  a  maximum  or  a  minimum  are  given  by 
the  expression 

sin  2«,  =   ±  VT; 

from  which  we  obtain  the  following  values  of  «, : 

23^27'  203°  27' 

66  33  246  33 

113  27  293  27 

156  33  336  33 

The  greatest  numerical  value  of  the  term  under  consid- 
eration, without  regard  to  sign,  is  that  corresponding  to 
the  second,  third,  sixth,  or  seventh  of  the  above  values  of 
the  azimuth  ;  and  if  we  assume 

()P,  =    45°  N. 
s  =   100  miles 
•«j  =:   66°  33' 

we  find  the  value  of  the  term  to  be 

0".0000712 

and  as  it  varies  as  s^  we  find  the  value  of  *•  for  which  it 
amounts  to  0".0005  to  be 

147.665  miles. 

Ag-ain,  the  terms  of  the  fourth  order  in  (2)  may  be  writ- 
ten in  the  form 


-r-~. — T7,  \  tang' (4  sin-a,  — 3  sin^rt,)  +  3  tan'rt' sin*«,  ( 
*  sm  1"  (  ^  ) 


•I^N 


Now,  this  expression  vanishes  when  «,  =  0°  or  180°;  also 
assuming  q'  to  be  constant  its  value  is  unchanged  if  we 
substitute  for  a,  its  supplement;  therefore,  (f'  varying 
with  «|  the  expression  attains  its  maximum  value  when  «, 
is  a  little  less  than  90°,  or,  with  sufficient  precision  for  our 
purpose,  when  «,  eijuals  90°.     This  reduces  it  to  the  form 

..4 

y,  \taxi  ((i  +  o  tan'tjr,) 


24  N*  sin  1 


which  may  be  assumed  to  give  the  maximum  value  of  the 
term.  From  this  we  find  that  it  will  not  exceed  0".0005 
for  distances  under 

43.59S  miles. 

We  conclude,  then,  that  if  an  error  as  large  as  0".0005  is 
negligible,  the  terms  of  the  fifth  order  may  be  omitted  for 
distances  under  147  miles,  and  also  those  of  the  fourth 
•order  for  distances  under  43  miles. 

Proceeding  next  to  the  derivation  of  an  expression  for 
the  difiEerence  of  longitude  of  tlie  two  points,  we  follow  the 


method  of  the  United  States  Coast  and  Geodetic  Survey. 
Referring  again  to  the  figure  we  have 


sin  C    = 


sine'  sinyJ' 
sin  a' 


sin  <r  sin  «, 

or  sin  JL  =  ;— ' 

cos  qp,' 

in  which  qJ  =  1/1  +  z/7'.     This  may  be  written 

.   _  /  sin «,     .       \  •   _,  /       ■      . 

JL  =  sm  '    ,  sin  o-     =  sin  '  (w  sin  o-) 

\cos()r„'  /  ' 


which  on  expanding  becomes 


JL  = 


?T,+ 


("'  <^)' 


sin  1"      6  sin  1" 


my 


^120sinl"V        "i"      "'V 


*. 


in  which 


sin  «i 
cosqfo' 


<r  being  expressed  in  radians. 

In  finding  the  convergence  of  the  meridians  of  the  two 
points  we  also  follow  the  Coast  Survey  method.  By  one 
of  Napiek's  analogies  we  have 

cotH^"+-<')  =    °°'^^.!'^"2tan^C' 


But 


cos^  (ti'—a') 

B'  +  A'  =  360°-  aj  +«, 

=  180°-  («,'-lS0°-«,) 
=  180° -Ja' 

/,'+(/'  =  180°-  (fi  +  g-s') 
=  180° -2(y. 

b'—a'  =  (f'J  —  (fi  =  J(f' 


tani  J«'  = 


sin  q ', 


-,  tan  i  JL  =  »i  tan  *  JL 


cos  ^  Jq' 

or  A  Ja'  =  tan~'  (n  tan  A  J/.) 

Whence,  expanding  and  arranging  as  before,  we  find 


sinM"  ,       ,,,./!        ,  1       ,N       (    ^^^ 


in  which 


sin  q„ 
cos  ^  Jqp' 


This  series  is  very  convergent ;  in  the  example  given 
below,  in  which  .<  =  209  miles,  the  terms  of  the  fifth  order 
amount  to  only  0''.000012. 

The  reverse  azimutli  on  tlie  sphere  may  now  be  written 


«,'  =  rt,  +  Ju  +  180° 


(') 
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Tliis  quantity,  however,  is  the  angle  between  the  planes 
ABN  a,nd  NBC,  wliereas  the  true  azimuth  of  A  at  station 
B  is  the  angle  between  the  planes  ABN'  and  N'BC.  The 
correction  to  apply  to  the  azimuth  given  by  (7)  to  give  the 
true  azimuth  may  be  obtained  as  follows  :  In  the  spheri- 
cal triangle  A" B" C"  given  by  the  three  directions  7/./,  BN 
and  By,  we  have 

A"B"C»  =  a„!  -  180° 
A"C"B"  =  360°  -  «, 

then  denoting  B"C",  or  g;„  —  qr-,',  by  S^  and  the  angle  BAN 
by  90°—  /xi,  we  have  by  spherical  trigonometry, 

sin«2'  cot«2  =  cos8„  cos  aJ  +  sin8„  tan  (o-— /x,) 

then  expanding  the  functions  of  the  small  angles  &,  and 
(7  —  /i, ,  we  have 

sin  ((./  cot  a,  —  cos  uj  =  &,  (cr — /x,) ^  cos  a.J 

But  it  may  be  shown  that 

/x,   =  —  I  1  +:j :,   COS-^j  COS*  «, 

therefore  substituting  in  the  last  expression  we  have 


sin  (tto'  —  ttj)        Sjcr  /■  ^ 


sm  a,'  2 

or  very  nearly 

1      «.,  —  (4./    = 


(-rS 


COS-'q-i  COS-'rt,  1 ~ 


(8) 


l-« 


7,C0S"(J-i  COS'rt, 


&,- 


+  -|-  sin  1"  sin  aJ  cos  «„' 


In  this  expression  a.,  —  a^  and  8„  are  in  seconds  of  arc, 
and  o-  in  radians ;  also 

8.,  =  (jTo  —  qpo' 

which  determines  its  algebraic  sign. 

In  equation   (S)   the  second  and   third    terms    may  be 
written 

^  sinl"  sinrt„'f  :j ^  o- cos'^qri  cos^'ki+S,  cos  «,/ ) 

82  and  a  both  being  in  seconds ;  then,  as  the  first  term  in 
brackets  is  always  positive,  and  the  second  always  nega- 
tive, and  as  the  expression 


1-e 


3  cr  cos'-  qP] 


eos'^  «i 


gives  an  approximation  to  the  value  of  82,  it  follows  that 
the  sum  of  these  terms  is  always  inappreciable,  and  equa- 
tion (8)  may  therefore  be  written 


(9) 


which  is  practically  exact.     In  the  example  given  below 

the  omitted  terms  amount  to  but 

0".000074 

The  equations  above  developed  will  .serve  to  determine 
the  latitude  and  longitude  of  the  distant  station,  and  the 
reverse  azimuth  at  that  station,  to  within  one  or  two  ten- 
thousandths  of  a  second,  even  for  distances  exceeding  two 
hundred  miles;  but  for  moderate  distances,  not  much  ex- 
ceeding forty  miles,  such  as  occur  most  frequentl}'  on  trig- 
onometric surveys,  the  smaller  terms  may  be  omitted,  and 
the  equations  written  in  the  abbreviated  forms 


^  y         y'tan-«,      J-- tan  If' 

^'    ~  sin  1"      3  sin  1"        2  sin  1" 

in  which  qr'  =  (jj  +  first  two  terms 


(10) 


J,y  =  Jqr'^ 

(11) 

JL                 * 

(12) 

cos  qoj'  sin  1" 

AL  sin  qp' 

cos^z/qp' 

(13) 

y 

=  a  cos  «i      ,      X  =  a 

sin  «, 

The   logarithms    of    the  constant  terms    in    the   above 
equations  are  as  follows  : 


a„  —  «.,'  = J-  sin  «, 


1 

sin  1" 

1 
3  sin  1" 


15  sinl" 

1 
2"sin'' 

1 
6  sin  1" 

1 
24  sin  1" 

1 

120  sinl" 

sin=l" 


12 

sin*  1" 

120 


=  5.31442513 
=  4.83730 
=  4.43936 
=  5.0133951 
=  4.53627 
=  3.93421 
=  3.23524 
=  12.29197 
=  24.66312 
sin^  1"  ]  =  14.42645 


{I  e"  sin^  1")         =  14.29856 

We  shall  now  test  the  precision  of  the  above  method  by 
applying  it  to  the  solution  of  a  numerical  example  taken 
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from  Clarke's  Geodesi/.     In  that  work,  on  pp.  109  and  110, 

the  positions  of  two  stations  are  given  as  follows,  chang- 
ing the  designations  of  the  stations  : 

Lat.  Long. 


Station  A 

53     4 

4     4     W 

Station  B 

50  37 

1   12     W 

from  which  the  distance  and  mutual  azimuths  are   com- 
puted as  follows : 

s   =   1104377"-.3S6 

«,  =   142°  55' 50".2183 

«,  =  325°  11'    7".4013 

We  take  then  as  the  data  of  our  problem 

qr,  =     53°    4' 
«,  =   142°  55' 50".21S3 
s  =   1104377"-.386 

and  use  the  other  quantities  given  above  as  cheeks. 

An  outline  only  of  the  computation  is  given,  showing 
the  values  of  the  various  terms  in  the  equations. 

lu  the  first  place,  as  the  distance  s  given  above  is  the 
length  of  the  section  of  the  spheroid  by  the  normal  plane 
at  A,  we  find  the  angle  a-  by  the  formula 

a  =  ^  ( 1  +  J  j- — j  -^-r,  cos= «,  cos=  qr, 

(JoRDAx,  Vol.  3,  p.  371) ;    or  preferably  we  find  log  o-  at 
once  by  expanding  the  logarithm  of  the  terms  in  brackets, 
obtaining  the  expression 
.1/ 


logo-  =  loa 


N.'^'e  1- 


.\4A  cos'«i  cos'qr, 


which  is  sufficiently  precise,  as  the  omitted  terms  in  the 
expansion  do  not  amount  to  a  unit  in  the  twelfth  decimal 
place.     The  spheroidal  constants  used  in  the  problem  are : 

log  a  =   7.32068747 
loge'  =  3.83047126 
log(l_e=)   =    1.99852531 
whence  we  find 

logo-  =  2.72148928 
Then,  to  find  g„ :  — 

Eq.  (1)  II  =   -8666.94857 

-  2.91101 

-  0.00014 
=  -8669.85972 

=  —  2°  24'  29".85972 
(f '  =   50^  39'  30".  14028 

Eq.  (2)      d  =  -  126'77585 

-f-  (1.07461 

+  0.01064 

+  0.04753 

=  -  126.64307 

.-.   Eq.  (3)    Jq'  =  -   8669'.S5972 

-  126.64307 
=  -  8796.50279 


Eq.  (4) 


To  find  L„ 
Eq.  (5) 


Jq  =  -  8820.00317 

+         0.00658 

-         0.00323 

=  -  8819.99982 

=  —   2°  26'  59".99982 

q,,  =      50°37'00".00018 


JL 


10320.46388 
-0.46387 
-0.00046 
=  10319.99955 
=  2°51'59".99955 
L,  =  1°  12'00".00045 
To  find  lu  :  — 

Eq-  (6)  qr'.  =  51°  50'  41''.7486 

^Jq'  =    1°  13'18".2514 

Eq.  (6)  Ja'  =  8116*89050 

+  1.69324 

-1.04746 

=  8117.53628 

=  2°  15'  17".5363 


Eq.  (7) 


«,'  =  325°  11'07".7546 
S.,  =  -23".4970 


Eq.  (9)  «,-«„'  =  0".3532 

u.  =  325°11'07''.4014 
The  differences  between  the  results  thus  found  and  those 
given  above  are  therefore, 

in  latitude  0.0002 
longitude  0.0004 
azimuth        0.0001 

The  following  table  contains  the  values  of  log  y  and 
log  R  for  latitudes  between  40°  and  60°  north,  computed 
by  the  formulas 

log  ^V  =  log  a  +  log(l  +n)  —  Mn  cos  2q 

+  i  .1/n-  eos4qr  —  \  Mn*  cos6qr  + 

log  A'  =  log  a  +  2  log  (^1  —  n)  +  log  (1  +  n) 
—  3.V^n  cos2qr  — ^n'cos  iq 
+  J  n'  cos6q-  — ) 

a-  /> 

"  =  ir+b 


in  which 


a  and  l>  being  the  semi-axes.     Adopting  the  Cl.\rke  sphe- 
roid of  1866,  in  which 

a  =  637S206"4 
h  =  63565S3.S 

and  computing  the  logarithms  of  the  constiint  terms  in  the 
above  equations,  they  may  be  written 

log  y  =  6.805435339  -  [4.8677004]  cos  2(r 

+  [7.79659]  cos4g.  -  [10.85041]  cos6(r 
log  R  =  6.803959295  -  [3.3448216]  cos2q 

•f  [6.27371]  cos4g  —  [9.3275^>]  cos6q- 

which  are  the  equations  which  were    used  in  computing 
the  table. 
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9 

logJV 

40° 

00' 

6.80530G70 

10' 

10'.)3 

20' 

1511; 

30' 

1939 

40' 

2363 

50' 

2787 

41° 

00' 

3211 

10' 

3()3(> 

20' 

■lOCl 

30' 

4487 

40' 

41)12 

50' 

5338 

42° 

00' 

5765 

10' 

^     6191 

20' 

6618 

30' 

7045 

40' 

7473 

50' 

7900 

43° 

00' 

8328 

10' 

8756 

20' 

9184 

30' 

6.80539612 

40' 

6.80540041 

50' 

0409 

44° 

00' 

0898 

10' 

1327 

20' 

1756 

30' 

2184 

JO' 

2613 

50' 

3042 

45° 

00' 

3471 

10' 

3900 

20' 

4329 

30' 

4758 

40' 

5187 

50' 

5616 

46° 

00' 

6045 

10' 

6474 

20' 

6902 

30' 

7331 

40' 

7759 

50' 

8188 

47° 

00' 

8616 

10' 

9044 

20' 

9472 

30' 

6.80549S99 

40' 

6.80550326 

50' 

0754 

48° 

00' 

1181 

10' 

1607 

20' 

2034 

30' 

2460 

40' 

2886 

50' 

3311 

49= 

00' 

3736 

10' 

4161 

20' 

4586 

30' 

5010 

40' 

5434 

50' 

5857 

50 

00' 

6.80556280 

Dlff. 

-123 
42.-! 
423 
424 
424 
424 
425 
425 
426 
425 
426 
427 
426 
427 
427 
428 
427 
428 
428 
428 
428 
429 
428 
429 
429 
429 
428 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
428 
429 
428 
429 
428 
428 
428 
427 
427 
428 
427 
426 
427 
426 
426 
425 
425 
425 
425 
424 
424 
423 
423 


logB 

6.80357330 

58<;o(; 

59S75 
61145 
62J16 

(i;!(;.s.s 

(il'.HU 
(iCl'.'JC) 
(•.7511 
6S7.SS 

70(t(;5 

71343 
72622 
73902 
7518;^ 
76164 
77746 
79029 
80312 
81596 
82880 
84165 
S.".4.~iO 
8(i7;!6 
88022 
89308 
90594 
91881 
93168 
94455 
95742 
97029 
983 16 
6.80399603 
6.80400889 
02176 
034(i3 
04749 
ocio;;."; 


07 


.'0 


os<;()6 

09890 
11175 
12459 
l;!742 
15025 
16.S07 
17589 
18869 
20149 
21429 
22707 
23984 
25261 
26537 
27811 
29085 
30.357 
31628 
32898 
6.80434167 


Diff. 

1  207 
1269 
1270 
1271 
1272 

127.-; 

127.". 

1275 

1277 

1277 

1278 

1279 

1280 

1281 

1281 

1282 

1 283 

12S3 

1284 

1284 

1285 

1285 

12SC. 

1280 

1286 

1286 

1287 

1287 

1287 

1287 

1287 

1287 

1287 

1286 

1287 

1287 

1286 

1286 

IL'85 

1  L'86 

1284 

1285 

1284 

1283. 

1283 

1282 

1282 

1280 

1280 

1280 

1278 

1277 

1277 

1276 

1274 

1274 

1272 

1271 

1270 

1269 


f 

log 

N 

50° 

00' 

6.80556280 

10' 

(>70L! 

■_'0' 

7124 

.•;o' 

7546 

■10' 

7967 

50' 

8388 

51° 

00' 

8808 

10' 

9228 

'_'0' 

6.80r 

59047 

30' 

6.80;- 

60065 

40' 

0483 

50' 

0901 

52° 

00' 

1318 

10' 

1 734 

20' 

2150 

;;o' 

2565 

40' 

2979 

50' 

3393 

53° 

00' 

3806 

10' 

4219 

20' 

4630 

.30' 

5041 

40' 

5452 

50' 

5861 

54° 

00' 

6270 

10' 

6678 

20' 

7085 

.30' 

7492 

40' 

7897 

50' 

8302 

55° 

00' 

8706 

10' 

9110 

20' 

9512 

30' 

6.805 

69913 

40' 

6.805 

70314 

50' 

0713 

56° 

00' 

1112 

10' 

1510 

20' 

1907 

30' 

2303 

40' 

2698 

50' 

3092 

57° 

00' 

3485 

10' 

3876 

20' 

4267 

30' 

4657 

40' 

5046 

50' 

5434 

58° 

00' 

5821 

10' 

6206 

20' 

6591 

30' 

6974 

40' 

7356 

50' 

7737 

59° 

00' 

8117 

10' 

8496 

20' 

8874 

30' 

9250 

40' 

6.80; 

>79626 

50' 

6.80580000 

60° 

00' 

6.80580372 

DifiF. 

422 
41'2 

vri 

420 
420 
419 
418 
418 
418 
417 
416 
416 
415 
414 
414 
413 
413 
411 
411 
411 
409 
409 
408 
407 
407 
405 
405 
404 
404 
402 
401 
401 
399 
399 
398 
397 
396 
395 
394 
393 
391 
391 
390 
389 
388 
387 
385 
385 
383 
382 
381 
380 
379 
378 
376 
376 
374 
372 


logfl 

6.804.34167 
35i;55 
3(;701 
37906 
39229 
40491 
41  75-.' 

4;;on 

44L'<-.S 
455l.'4 
46778 
48031 
49281 
50530 
51777 
53022 
54266 
•  555(t7 
5(;746 
57'.is;i 

5'.IL'l'.t 
Odl.".!' 
61683 
62911 
64138 
6.".;ir,2 
60584 
67803 
69020 
70235 
71447 
72656 
7;!S6;i 
750(;7 
76269 
77468 
7sr;f.4 
7'.iS5S 
81048 
82236 
83421 
84(;02 
857S1 
86957 
88130 
89300 

904  »;r, 

91029 
92789 

9.-;94(; 

95100 

96250 

97397 

98540 

6.80499(;,SO 

6.80500816 

01949 

03079 

04204 

05326 

6.80506445 


Diflf. 

1268 
1266 
1265 
1263 
1 262 
1 261 
1259 
1 257 
1 256 
1  254 
1253 
1250 
1249 
1247 
1245 
1244 
1241 
1239 
12;)7 

1 2;;6 

1 233 
1231 
1228 
1227 
1224 
1222 
1219 
1217 
1215 
1212 
1209 
1207 
1204 
1202 
1199 
1196 
1194 
1190 
1188 
1185 
1181 
1179 
1176 
1173 
1170 
1166 
1163 
1160 
1 1 57 
1154 
1150 
1147 
1143 
1140 
1136 
1133 
1130 
1125 
1122 
1119 
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OBSERVATION'S   OF   MINOR  PLANETS  AND   COMETS. 

MADE    AT   THE    VASSAR   COI.I.EOE  OnSEBVATOKY, 

Bv  MARY   W.   WHITNEY   and  CAROLINE   E.   FURNESS. 


190-2-;!-4  Gr.  M.T.      1 

1 

* 

Comp. 

Ja 

z/8 

App.  a.     , 

App.  8 

logpA 

Red.  to  App.  PL 

(57)  Mnemosyne. 

in02          il         h       m       8 

m        a 

I      It 

h      m      8 

°     '      '    1              1              1        •               ' 

May  12  14  21  11 

1 

*  5,6 

-0  22.07 

-t- 

4     4.3 

15  36  44.60 

-   7  16  45.2  'n9.481  '  0.808  '  +3.09  -   4.9' 

i;;  15  45  31 

2 

8,6 

-1  49.14 

_ 

1  20.8 

15  35  59.26 

-   7  10  57.6  w9. 193     0.818     +3.10  -   4.8' 

14   15  27  41 

3 

*10 ,  12 

-0     2.81 

_ 

6  28.2 

15  35  15.56 

-   7     5  37.0  n9.255     0.817  .  +3.11  -   5.0- 

15  14  14     2 

3 

10,8 

-0  42.84 

_ 

1  25.2 

15  34  35.54 

-   7     0  33.9  n9.466  !  0.807     +3.12  -  4.9= 

10  14  15  11 

4 

*10,8 

+  0  11.77 

- 

6  10.1 

15  33  52.28 

-  6  55  20.0  )i9.453  i  0.808  |  +3.12  -  5.0= 

(113)   Amalthea. 

1 

Nov.    3  16  21  25 

5      12,6 

-1  37.68 

_ 

10  23.8 

3     7  52.28 

+  9  15  18.5  W9.004 

0.676     +4.47  +12.6' 

4  15     6  39 

6      12,6 

+  1  51.10 

_ 

8     8.3 

3     6  56.41 

+  9  11  22.8  n9.356 

0.687     +4.48  +13.0' 

7   13  23  22 

7      12,8 

+  0  55.10 

+ 

3     0.7 

3     4     1.59 

+  8  59  32.3  »i9.551 

0.712     +4.51  +13.3' 

(48)  Doris. 

Nov.  19   14  23  27 

8   1*  8,8 

-0  11.93 

_ 

5  28.9      5     1  58.79 

+  13  59  56.1  /i9.573     0.679     +4.76  -  0.6' 

20  14  43     1 

9   1*  8  ,  8 

-0     0.79 

0  34.2      5     1  14.37 

(46)   IL-stia. 

+  13  56  51.1  «9.537     0.666     +4.78  -  0.5' 

Jan.     0  13  58  30 

10   1*  8,8 

-0  13.97 

+ 

4     6.1  1    5  44  40.57 
(386)  Siegena. 

+  19  43  57.0  [«9.296     0.542     +1.63  -  8.8' 

Jan.     8  14  58  28 

11    1*  8  ,  S 

-0  32.21 

+ 

3  42.7  1    6     4  20.14 
(423)  Diotima. 

-  5  38     9.1  «8.995  !  0.810  |  +1.74  -12.2* 

Jan.  23  14  18  30 

12   1*  6,G 

-0     4.24 

- 

3  44.8  I    6  19  26.21  |  +31  54     2.3  |«9.029     0.190  |  +3.41  -   ^.o' , 

(478)    Ten/iste. 

Jan.  28  14  27  40 

13   ]*  7,8 

+  0     5.40 

4  31.8  1    6  29  38.51 
(79)  Eiirynome. 

+   7  34     8.7|n8.748  |  0.694  1  +1.89  -13.1' 

•  Feb.  23  15     5  35 

14   '  10,6 

+  0  52.68 

_ 

4  21.3 

10  16  46.30 

+   4  16  32.6 

H9.330 

0.733 

+  2.12  -16.2' 

24  14  44  11 

15    *  8  ,  8 

-0     5.94 

_ 

3     2.6 

10  15  50.95 

+  4  23  14.5 

H9.382 

0.733 

+  2.12  -16.2' 

25  14  25  27 

15        8,8 

-1     1.00 

+ 

3  45.7 

10  14  55.90 

+  4  30     2.7 

n9.420 

0.734 

+  2.13  -163' 

Comet  «  1903. 

Jan.  30  12  25  13 

16 

6,4 

+  2  22.37 

_ 

5     6.2 

23  10  42.34 

+  57  37.5  i  9.629 

0.753 

-0.2S  +   2.3' 

Feb.  14  12     1  45 

17 

8,4 

-2  34.43 

+ 

0  25.1 

23  33     1.25 

+   9  52  12.2 

9.640 

0.741 

-0.22  +   1.2' 

17  12     6  26 

18 

*  8,5 

-0  14.88 

_ 

6  44.3 

23  38.16.17 

+  10  57     7.6 

9.646 

0.742 

-0.23  +   1.0' 

10  12     4  54 

19 

*  8,10 

+  0  16.65 

+ 

7  10.8 

23  41  53.71 

+  11  41  30.6 

9.648     0.741 

-0.22  +  0.9» 

20  12     1  47 

20 

8,7 

-0  13.20 

_ 

1  36.7 

23  43  44.63 

+  12     4     0.5 

9.648     0.740 

-0.21  +  0.9* 

23  12  13     9 

21 

8,4 

+  3     3.89 

_ 

1  16.1 

23  49  30.28 

+  13  12  21.2  1  9.654  |  0.745 

-0.20  +  0.8' 

25  12  21  19 

22 

*  8,8 

+  0  26.69 

_ 

2  19.8 

23  53  28.10 

+  13  57  57.3  1  9.657  j  0.750  ,  -0.18  +  .0.6' | 

2(5  12     2  47 

23 

*  8,8 

-0  16.56 

_ 

9  44.2 

23  55  27.30 

+  14  20  12.1 

9.656     0.739 

-O.IS  +   0.5» 

Mar.    ;•.  11  56  51 

24 

t   -,2 

_ 

1     0.1 

+  16     1  29.9 

.    .       0.732 

-0.17  -  0.1' 

12  12  21     9 

25 

10,6 

-0  59.90 

— 

(;  34.8 

o'2'l  59.14 

+  17  14  44.6 

9.663     0.761 

-0.12  -  0.8' 

i;!   12   15     2 

26 

10,4 

-1  24.13 

- 

5  23.9 

0  23   16.03 

+  16  59     3.1 

9.663     0.760  '  -0.13  -   1.0» 

(24)   r hem  Is. 

Mar.    2  14    13  43 

27    *  6,6 

+  0     6.29 

4- 

9  14.3 

11  23  58.80 

+   4  54  34.4 

H9.490 

0.7;i4     +2.08  -15.0* 

17  14  51     3 

28    *  8,8 

-0  21.13 

_ 

6  10.1 

11  12  33.01 

+   63  43.5 

«9.269 

0.715     +2.1G      15.6» 

18  15  38  36 

28      10 , 8 

-1     6.69 

j2 

1  40.7 

11  11  47.45 

+  68  12.8 

n8.953 

0.710  i  +2.16  -15.7' 
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1903^  Gr. 

M.T. 

* 

Conip. 

Ja 

z/8 

App.a 

App.  8 

logpA 

Red.  to  App.  PI. 

(29)  Amphltrite. 

Mar.  18  10 

17  25 

29 

10,8    1 

-1    18.03 

-  2  27.5  1  l.S     8  24.15  , 
COMKT  1903  c. 

-   9 

53 

56.7 

/i9.364     0.S29 

+  2.28  -10.4' 

July  17  14 

38     4 

30 

10,7 

-1  43.28 

+  10  21.2    18  35     1.17 

+  62 

36 

54.3 

H9.481    hO.460 

+3..36  +17.0» 

23  15 

30  17 

31 

12,8 

-1   12.01 

+   7  51.8    13  52  32.86 
(324)   Baiiiherfja. 

+  65 

58 

8.0 

0.011     9.643 

-0.15  +13.1> 

Oct.     3  45 

14  14  1  32 

10,  G 

-1  12.74 

-  8  14.9  1  21  42  47.59 

—  5 

59 

2.1 

9.194  ]  0.811  1 

+  3.32  +24.o> 

loot 

Comet  1904  a. 

May    2  15 

48  42 

33 

12,8 

+  1  56.10 

+  3  48.6 

16     4     4.81 

+  53 

3 

0.9 

w9.646 

«9.844 

+  2.11   -   2.6' 

3  15 

18     3 

34 

*  7,8 

-0  52.78 

-   0  29.5 

16     0     0.32 

+  53 

28 

15.6 

7J9.701 

ji9.628 

+  2.14  -   2.3> 

5  13  47  55 

35 

12,8 

-1  17.24 

-   3  26.0 

15  51  44.82 

+  54 

15 

6.1 

M9.821 

9.927 

+  2.18  -   1.5» 

7  15 

15  39 

36 

12,8 

+  2  25.21 

+  10  10.8 

15  42  40.66 

+  55 

0 

31.7 

719.646 

7i0.033 

+  2.21  -  0.5> 

9  16 

12  57 

37 

6,4 

+  2  30.60 

+   3  lO.S 

15  33  29.94 

+  55 

40 

27.5 

7i9.406 

hO.271 

+  2.24  +   0.4» 

16  16 

1  12 

38 

6,4 

-1  51.00 

-   8  14.9 

15     1     8.95 

+  57 

20 

50.0 

H9.436 

n0.321 

+  2.23  +   3.5' 

Mean  Places 

of  Comparison- Stars  f 

or 

the  beginning 

q/ 

■  the 

year. 

* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

h 

15 

37 

3.58 

-   7  20  44.6 

Munich  I,  11637 

20 

ta 

23 

43  58.04 

+  12 

5 

36.3    A.G.  Leipzig  I,  9451 

2 

15 

37 

45.30 

-   7     9  32.0 

Schj.5566            [5797] 

21 

23 

46  26.59 

+  13 

13 

36.5  1     "          "        I,  9461 

3 

15 

35 

15.26 

-   6  59     3.8 

i[Mu.I,11612+Mu.n. 

22 

23 

53     1.59 

+  14 

0 

16.5       "          "        I,  9.505 

4 

15 

33 

37.39 

-  6  49     4.9 

Munich  I.  11592 

23 

23 

55  44.04  1  +14 

29 

55.8       "          "        I.  9522 

5 

3 

9 

25.49 

+  9  25  29.7 

A.G.  Leipzig  II,  1208 

24 

0 

8  48.86 

+  16 

<) 

30.1     A.G.  Berlin  A,  34 

6 

3 

5 

0.83 

+   9  19  18.1 

II,  1184 

25 

0 

22  59.16 

+  17 

21 

20.2       "          "      A,  109 

7 

3 

3 

1.98 

+   8  56  18.3 

II,  1169 

26 

0 

24  40.29 

+  17 

4 

28.0       "          "      A,  119 

8 

5 

o 

.5.96 

+  14     5  25.6 

I,  1512 

27 

11 

23  50.43 

+   4 

45 

35.1     Toulouse  1778 

9 

5 

1 

10.38 

+  13  57  25.8 

I,  1506 

28 

11 

12  51.98 

+   6 

10 

9.2  ,  A.G.  Leipzig  II,  5756 

10 

5 

44 

52.91 

+  19  39  59.7 

A.G.  Berlin  A.  1716 

29 

13 

9  39.90 

-   9 

51 

18.8  1  Eadcliffe  '90,  3443 

11 

6 

4 

50.61 

-  5  41  39.6 

Radcliffel890,  no.  1519 

30 

18 

.36  41.09 

+  62 

26 

16.1     A.G.  Hels.-Gotha  9906 

12 

6 

19 

27.04 

+  31  57  55.6 

A.G.  Leiden  2597 

31 

13 

53  45.02  !  +65 

50 

3.1     A.G.  Christiania  2079 

13 

6 

29 

31.22 

+   7  38  53.6 

A.G.  Leipzig  II,  3037 

32 

21 

43  57.01 

-  5 

51 

117    1    S*  [Rartcllffp '90.  S»SO  +  i 
■^  -'^  ■ '        \  SchjeUerup  88Gfi]          j 

14 

10 

15 

51.50 

+    4  21  10.1 

A.G.  Albany  4009 

33 

16 

2     6.60 

+  52 

59 

14.9  '  A.G.  Camb.(U.S.)  4911 

15 

10 

15 

54.77 

+  4  26  33.3 

A.G.  Albany  4010 

34 

16 

0  50.96 

+  53 

28 

47.4       "         "         "       4903 

16 

23 

8 

20.25 

+   5  12  41.4 

A.G.  Leipzig  II,  115G3 

35 

15 

52  59.88 

+  54 

18 

33.6       "         "         '•'       4869 

17 

23 

35 

35.90 

+  9  51  45.9 

II,  11726 

36 

15 

40  13.24 

+  54 

50 

01    1       kJ,-.\.G.  CambridKe(C.S.)48!2? 
~^--^       JVHels.-Goiha  847«                   S 

18 

23 

38 

31.28 

+  11     3  50.9 

II,  9412 

37 

15 

30  57.10  '  +55 

37 

16.3    A.G.  Hels.-Gotha  8408 

19 

23 

41 

37.28 

+  11  34  18.9 

I.  9436 

38 

15 

2  57.72  !  +57 

29 

1.4       "        '^          "      8227 

*  Ja  measured  directly.        t  Clouds  prevented  complete  observation. 

'  Observer,  Mart  W.  Whitney.  -  Observer,  Caroline  E.  Furness 


3  Observer,  Elise  C.  Whitney. 
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THE   CONSTA:srT  OF  ABERKATIOIS^, 

By  C.  L.  DOOLITTLE. 


When  observation  with  the  zenith  telescope  was  begun 
at  the  Flower  Observatory  in  1896,  it  was  proposed  to 
carry  on  the  series  according  to  a  uniform  plan  for  seven 
years,  this  constituting  a  complete  cycle  of  the  twelve  and 
fourteen-month  periods.  The  plan  was  carried  out  with 
but  slight  deviation  from  the  original  program.  This  par- 
ticular series  was  closed  1903  Dec.  7. 

It  seems  now  to  be  in  order  to  assemble  the  various  de- 
terminations of  the  aberration-constant  which  have  re- 
sulted from  this  series  and  from  the  similar  work  done  at 
the  Sayre  Observatory.  These  will  be  combined  into  a 
mean  value,  which,  in  my  judgement,  should  be  regarded  as 
the  definitive  value  of  this  constant,  as  shown  by  the  data 
here  given. 

The  following  are  the  individual  values  : 

Sayre  Obsekvatokt. 

Observation.         P.airs.    \Vt. 

1  1889  Dec.    1-1890  Dec.  13 

2  1892  Oct.  10-1893  Dec.  27 

3  1894  Jan.  19-1895  May  16 


20.448  ± 

.014 

1479 

0 

20.551  ± 

.0(»9 

2900 

1 

20.537  ± 

.014 

1989 

1 

tVATOUY. 

20.580  ± 

.008 

2009 

1 

20.540  ± 

.010 

1503 

«) 

20.561  ± 

.008 

1994 

2 

20.513  ± 

.009 

1935 

2 

20.524  ± 

.009 

1554 

o 

4  189G  Oct.  19-1898  Aug.  16 

5  189S  Oct.  8-1899  Nov.  27 
G  1900  .Mar.  5-1901  .Vug.  30 

7  1901  Oct.  ;i-li)02  Dec.  1 

8  190;!  Jan.  22-1903  Dec.  7 

The  details  of  tlie  observations  on  which  these  values 
depend  have  been  published  in  full  with  the  exception  of 
the  last  two.  For  (1),  (2)  and  (3),  see  Transactions  of  the 
American  Philosophical  Society,  Vol.  XX.  For  (4),  (5) 
and  (6),  I'ublications  of  the  University  of  Feuusylvania, 
Series  in  Astronomy  Vol.  I,  Part  II,  and  Vol.  II,  Part  1. 
A  brief  statement  as  to  the  weight  here  assigned  seems  to 
be  called  for. 

First,  the  instrument  employed  at  the  Sayro  Observa- 
tory was  one  with  which  no  one  would  now  be  likely  to 
undertake  such  an  investigation.     The  building  was  a  brick 


structure  with  thick  walls,  calculated  to  absorb  a  great 
amount  of  heat  during  the  day  and  to  radiate  the  same 
during  a  considerable  part  of  the  night.  The  different 
values  will  be  taken  up  in  order. 

Series  (1).  The  method  employed  was  such  as  to  make 
it  impossible  to  separate  the  aberrations  from  the  latitude- 
variation  without  introducing  some  assumption  in  regard  to 
one  or  the  other.  In  this  case  it  was  assumed  that  the  lati- 
tude-variation could  be  represented  by  two  periodic  terms  ol 
twelve  and  fourteen  months  respectively.  This  was  pre- 
sumably admissible,  and  would  doubtless  have  given  a  re- 
sult worthy  of  some  confidence  if  observation  had  extend- 
ed over  a  full  period  of  fourteen  months,  or  if  the  data  had 
been  distributed  symmetrically  with  respect  to  tie  maxi- 
mum and  minimum  of  the  latitude.  Neither  condition 
was  fulfilled.  A  maximum  occurred  not  very  far  from  the 
middle  of  the  series  which  began  soon  after  a  minimum 
had  been  passed  and  ended  before  reaching  the  next  one. 

Series  {S).  Essentially  the  same  method  was  followed 
as  in  the  previous  case,  but  here  the  data  were  so  distrib- 
uted with  respect  to  the  time  of  maximum  and  minimum, 
and  with  reference  to  tlie  right-ascensions  of  the  stars 
employed,  that  nearly  tlie  same  value  for  the  aberration- 
constant  is  obtained  whether  the  latitude-variation  is  con- 
sidered or  not.     The  latter  is  practically  eliminated. 

Series  t^3).  In  this  and  all  of  the  following  series  the 
method  was  that  of  Ki'stnek,  sometimes  called  the  poly- 
gon method,  by  which  the  aberration  is  completely  sep- 
arated from  the  latitude-variation. 

Series  (4).  This  formed  the  first  result  obtained  at  the 
Flower  Observatory.  Some  peculiarities  in  the  behavior 
of  the  micrometer  were  developed  in  the  process  of  re- 
duction which  it  was  suspected  might  be  due,  in  part  .it 
least,  to  the  effect  of  temperature.  The  coniputatiou  has, 
therefore,  been  revised,  after  a  tliorough  investigatiou  of 
the  temperature  coetficieut.  In  this  examination  797  sep- 
arate mea.'iures  of  differences  of  zenith  distance  were  used, 
the    range   of   temperature    being  from   —8°  to   -♦-87°  F. 
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Some  slight  changes  in  imlivitlual  values  resulted,  but  the 
value  obtained  (or  the  aberration-constant  remained  pre- 
cisely as  before. 

Series  (5),  (6),  (7),  (8).  These  values  call  for  no  esiiec-ial 
comment.     They  have  been  assigned  the  \vt.  2  each. 

The  resulting  mean  value  of  the  aberration-constant  is 

20  .r>40±.oor>r> 


It  will  be  observed  that  no  admissible  assumption  as  to 
weight  can  change  this  result  to  the  extent  of  ()".01. 

A  double  series  of  observations  is  now  in  progress  here, 
employing  both  the  zenith  telescope  and  the  reflex  zenith 
tube.  It  is  hoped  that  thi.s  may  be  continued  fur  two  or 
three  years  at  least. 

Flower  Observatarii,  Jan.  4,  I'.lOu. 


OBSERVATIONS   OF   COMET  d  VMU  (hoiuijclly), 

MADE    AT   TUK    OOODSEI.I,   OliSEK V ATO li Y,    .NOUTU FIELD,    .MINN.,    WITH    THE    10-IN('II    liEFP.ACTOK, 

liY    II.    C.    VVILSOX. 


1905  Xorthtiekl  M.T. 

* 

Comp 

Ja 

^8 

App.  a 

App.  8 

logpA 

Red.  to  App.  PI. 

Jan.  2     8  47  39 

2  8  47  39 

3  8     3  32 

1 
2 
3 

12  ,  6 
12  ,6 
17  ,6 

-0'"49!43 
-1     5.03 
+  0     1.88 

-  2  27.8 

-  4  39.3 
-12  32.8 

1   19     8.22 
1  19     8.11 
1  20  34. 

-6  31  16.7 
-6  31  16.3 
-5  44     - 

9.375  1  0.843 
9.375     0.843 
9.230    0.832 

-0.13     -8.9 
-0.12     -8.9 
-0.13     -8.6 

Mean  Places 

of  Comparison- Stars  for  the  beginning  of  the 

year. 

* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 
2 

1   19  57.76 
1  20  13.27 

-6  28  40.0 
-6  26  28.1 

Yarnall  698 
Yarnall  702 

h       m       8 

3       1  20  32. 

-5  31     - 

S.DM.  -o°254 

NEW   COMET,  a.  1905  (giacobi.vi). 

A  faint  comet  was  discovered  by  Giacobini,  at  Nice,  in  the  following  position  : 

1905  March  26.3213         R.A.  =  5*-  44""  14^0     ,     Decl.  =  +10°  56'  56".         Motion  in  a  +3"";  in  8  N.  1°  15 

A  second  position  has  been  observed  by  Aitken,  at  Lick  Observatory,  as  follows: 

March  27.6092         R.A.  =  5"  48"' 54\S     ,     Decl.  =  +12°  35' 43". 


NOTATION   OF  NEWLY   DISCOVERED  VARIABLE   STARS. 


The  Committee  of  the  AMrono-mishe  Gesellschaft,  un- 
dersigned, which  has  recently  unfortunately  suffered  a 
grave  loss  in  the  retirement  of  Professor  Oudemans  from 
its  membership  on  account  of  illness,  herewith  publishes  a 
list  of  those  new  variables  whose  light-variations  appear 
certain  enough  for  the  usual  notation  to  be  supplied.  The 
number  of  new  variables  has  recently  extraordinarily  in- 
creased, but  the  observation  of  them  has  unfortunately  not 
kept  pace  correspondingly,  so  that  for  many  objects  nothing 
further  has  become  known  than  is  contained  in  the  brief 
announcement  of  their  variability,  by  the  discoverers. 
The  Committee  has  proceeded  very  carefully  in  the  matter 
of  the  notation,  regarding  it  as  better  to  withhold  for  a 
time  stars  not  completely  certain,  than  to  insert  them  in 
the  list  of  known  variables  prematurely,  with  the  liability 
of  necessity  for  their  subsequent  withdrawal.  The  numer- 
ous variables  which  have  been  recently  found  in  groups  in 
the  Ocio?i-nebula,  in  the  Magellanic  clouds,  and  some  other 


parts  of  the  heavens,  should  not  be  denoted  with  letters 
in  the  usual  way,  but  included  in  groups,  and  provided 
with  current  numbers  for  each  special  group,  similarly  as 
is  intended  for  the  variables  in  stellar  clusters. 

The  arrangement  of  the  following  list  is  the  same  as  for 
the  earlier  similar  lists  published  by  the  Committee.  But 
in  the  present  list  short  notes  are  added  at  the  end  of  the 
list  containing  essentialh'  all  that  is  at  present  known  of 
the  individual  objects. 

The  Committee  earnestly  request  observers  of  variables 
to  devote  especial  attention  to  the  new  variables  in  this 
list,  and  to  publish  their  observations  in  detail  without 
undue  delay,  so  that  the  Committee  may  be  in  position  to 
include  in  the  new  Catalogue  of  Variables  more  accurate 
data  on  the  light-variations  of  these  stars. 

The  Committee  for  the  A.G.  Catalogue  of  "Variable  Stars, 

DUNER,       HaRTWIG,       MiJLLER. 
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Cur. 

Provis. 

Position  for  1900 

Picc 

1900 

Chart-Place 

Magnitude 

i 

N'o. 

Notation 

Kame 

^l..V. 

R.A. 

Uecl. 

R.A. 

Decl. 

K.A. 

Decl. 

Max. 

Min. 

1 

60.1903 

V  Piseiuni 

0  17  15 

+   6°    7.2 

+3!08 

+  0.33 

U      m     a 

0  14  57 

+   5  52.2 

9.5 

12 

V 

2 

156.1904 

Z  Ceti 

1     139 

-  2    1.0 

+  3.06 

+  0.32 

0  59  21 

-   2  15.5 

9 

12 

V 

O 

23.1903 

RS  Sculptoris 

122  31 

-33  25.6 

+  2.76 

+  0.31 

1  21  22 

-33  33.4 

10 

<1] 

I' 

4 

17.1904 

R  V  Andromedae 

2    4  34 

+  48  27.6 

+  3.85 

+  0.29 

2    1  41 

+  48  14.7 

Si 

10* 

ph. 

5 

16.1904 

RS  Persei 

2  15  20 

+  56  39.1 

+  4.20 

+  0.28 

2  12  12 

+  56  26.6 

8 

10 

ph. 

6 

1.1904 

RR  Persei 

2  21  44 

+  50  49.4 

+4.02 

+  0.27 

2  18  43 

+50  37.1 

9 

<13 

ph. 

7 

155.1904 

RT  Persei 

3  16  44 

+46  12.2 

+  4.13 

+  0.22 

3  13  ;i9 

+46    2.3 

9.5 

11 

ph. 

8 

2.1904 

RT  Taurl 

4  58  10 

+  23  30.4 

+  3.63 

+  0.09 

4  55  27 

+23  26.3 

9 

10 

'■ 

9 

11.1904 

X  Orion  is 

5  32  36 

-   1  49.9 

+  3.03 

+  0.04 

5  30  19 

-   1  51.8 

11 

<14 

ph. 

10 

20.1904 

RU  Tauri 

5  46.9 

+  15  57 

+  3.45 

+  0.02 

5  44.3 

+  15  56 

12 

14.5 

ph. 

11 

157.1904 

RS  Aiiriffue 

5  56  27 

+46  16.1 

+  4.47 

+  0.01 

5  53    6 

+  46  1.5.8 

9.2 

10.5 

ph. 

12 

133.1904 

RR  Auriijae 

6    4.8 

+  43  11 

+  4.33 

-0.01 

6    1.5 

+  43  11 

7 

'.' 

ph. 

13 

12.1904 

RT  Geminoriim 

6  40.7 

+  18  44 

+  3.52 

-0.06 

6  38.1 

+  18  47 

10 

<15 

ph. 

14 

10.1904 

RS  Monocerotis 

7    2  11 

-H   5    8.7 

+  3.19 

-0.09 

6  59  47 

+   5  12.7 

9 

<lo.ll 

V 

15 

141.1904 

R  V  Geminoriim 

7  11  56 

+  24    6.1 

+  3.64 

-0.10 

7    9  12 

+  24  10.6 

10 

<15 

ph. 

1(> 

24.1903 

T  Can.  majoris 

7  17  18 

-25  15.6 

+  2.48 

-0.11 

7  16  16 

-25  12.9 

9 

10.5 

V 

17 

15.1904 

RU  Geminorum 

7  21    0 

+  21  ;^8.4 

+  3.57 

-0.12 

7  18  19 

+  21  43.5 

12.13 

14 

r 

18 

3.1904 

Y  Cancri 

7  58  37 

+  20  24.7 

+3.50 

-0.17 

7  55  59 

+  20  32.1 

12 

14 

ph. 

li> 

Z  Camelopardalis 

8  14    5 

+  73  25.6 

+6.82 

-0.18 

8    8  56 

+  73  33.8 

10 

13 

ph. 

20 

X  Ursae  majoris 

8  33.9 

+50  29 

+4.34 

-0.21 

8  30.7 

+  50  38 

9 

<12 

ph. 

21 

19.1904 

S  Leonis  minor  is 

9  47  46 

+35  23.9 

+  3.59 

-0.28 

9  45    4 

+  35  36.5 

8 

9 

r 

22 

24.1904 

UZ  Cnrinae 

10  32.8 

-70  12 

+  1.69 

-0.31 

10  32.1 

-70    4 

9 

<13 

ph. 

23 

25.1904 

Z  Ursae  majoris 

11  51  17 

+  58  25.7 

+  3.16 

-0.33 

11  48  56 

+  58  40.3 

9 

? 

ph. 

24 

134.1904 

Y  Ursae  majoris 

12  35  47 

+  56  23.7 

+  2.76 

-0.33 

12  33  42 

+  56  38.6 

8 

9 

ph. 

2.5 

113.1904 

U  Ursae  m  in  oris 

14  14.9 

+  67  10 

+  1.31 

-0.28 

14  14.0 

+  67  23 

8.5 

12 

ph. 

2(5 

135.1904 

RY  Crnt,n,ri 

14  43.3 

-42    5 

+  3.86 

-0.25 

14  41.7 

-41  59 

? 

? 

ph. 

27 

26.190;; 

Y  Xor„u,r 

16  25  39 

-46  43.7 

+  4.37 

-0.14 

16  23  50 

—  46  4(».3 

8.8 

10 

r 

2S 

18.1901 

nU  Uphlurhi 

1 7  28    8 

+  9  29.9 

+2.85 

-0.05 

17  25  59 

+   9  32.0 

9 

12 

ph. 

29 

136.1904 

R  V  Ophinehi 

17  29  45 

+   7  18.9 

+  2.90 

-0.04 

1 7  27  35 

+   7  20.7 

9 

12 

ph. 

30 

158.1904 

RW  Ophiuchi 

17  50  30 

+  7  51 

+  2.89 

-0.01 

17  48  20 

+   7  52 

10 

<12.13 

ph. 

31 

30.190;! 

SV  Sar/itfarii 

17  57  11 

-24  29.9 

+  3.68 

-0.00 

17  55  39 

-24  29.8 

11 

14 

ph. 

32 

165.1904 

V  Serj/eiitis 

18  11    4 

-15  33.4 

+  3.44 

+  0.02 

18    8  29 

-15  34.0 

9.5 

10.5 

ph. 

33 

162.1904 

SV  Herriills 

18  22  18 

+  24  58.0 

+  2.45 

+  0.03 

18  20  27 

+  24  56.6 

9.5 

<13 

r 

34 

140.191)1 

V  Sciiti 

18  42  32 

-12  14.4 

+3.36 

+0.06 

18  40    0 

-12  17.0 

12 

<14 

ph. 

35 

109.1901 

ST  Lyrae 

19    6  39 

+  43  29 

+  1.86 

+0.10 

19    5  14 

+  43  25 

10 

<12 

ph. 

3(; 

63.191);! 

SS  Lyrae 

19  10  24 

+46  48.6 

+  1.72 

+  0.10 

19    9    8 

+  46  44.0 

9 

13 

r 

37 

137.1904 

S  JF  Sar/itfarii 

19  13  26 

-31  54.2 

+  3.86 

+  0.11 

19  11  49 

-31  56.8 

9.10 

11 

ph. 

38 

71.190;! 

RX  AquHar 

19  40  22 

+   8  12.2 

+  2.90 

+  0.14 

19  38  11 

+   8    5.9 

11 

<15 

ph. 

39 

77.1903 

HY  A'jiiil,,,' 

1 9  43  40 

+  11  16.6 

+  2.83 

+  0.15 

19  41  32 

+  11  10.0 

10 

12 

ph. 

40 

83.190;! 

RZ  A-/ 11  a  a'- 

19  49    6 

+   9  24.0 

+  2.88 

+  0.15 

19  46  57 

+   9  17.2 

11 

13 

ph. 

41 

161.1904 

X  Vulpecii/ae 

19  53  19 

+  26  17.3 

+  2.49 

+  0.16 

19  51  27 

+  26  10.2 

9.5 

10.5 

ph. 

42 

154.190  1 

WW  Ct/f/ni 

20    0  36 

+  41  18.2 

+  2.06 

+  0.17 

19  59    3 

+  41  10.7 

9.3 

12A 

ph. 

43 

5.190  1 

If  Vu//n;culae 

20    5  53 

+  25  59.4 

+  2.52 

+  0.17 

20    3  59 

+  2551.6 

9 

10 

ph. 

44 

59.190;; 

U'X  Ci/ffui 

20  14  50 

+  37    8.2 

+  2.23 

+  0.19 

20  13  10 

+  .36  59.9 

ph. 

45 

4.190-1 

r  Vtilpenihie 

20  32  17 

+  26  15.4 

+  2.55 

+  0.21 

20  30  22 

+  26    6.2 

s 

lo 

ph. 

4(1 

61.190;! 

F  Y  Cy(ini 

21    0  26 

+  39  34.3 

+  2.29 

+  0.24 

20  58  43 

+  39  23.7 

<.i 

lo 

ph. 

47 

138.1904 

V  Mirrosropii 

21  17.5 

-41     7 

+3.83 

+  0.25 

21  15.9 

-41  13 

ph. 

48 

164.1904 

WY  C>/'/ni 

21  44  43 

+  43  46 

+  2.36 

+  0.28 

21  42  57 

+  43  33 

8.9 

12.13 

ph. 

49 

7.1904 

VZ  Cinini 

21  47  41 

+  42  39.9 

+  2.40 

+  0.28 

21  45  .53 

+  42  27.3 

8 

9     . 

ph. 

50 

163.1901 

W  Larertiir 

22    3  1 1 

+  37  15 

+  2.58 

+  0.29 

22    1  \r> 

+  37    2 

9.10 

12.13 

ph. 

51 

142  190  1 

RU  Fe:/asi 

22    9    9 

+  12  12.4 

+  2.94 

+  0.30 

22    6  57 

+  11  59.1 

9.4 

1 1 .5 

r 

52 

159.1904 

R  V  I't'ijasi 

22  21     2 

+  29  57.9 

+  2.75 

+  0.30 

22  18  58 

+  29  44  3 

<» 

<11 

ph. 

53 

86.190;! 

T  Tucanae 

22  33  58 

-62    4.5 

+  4.00 

+  0.31 

22  ;r.'  18 

-62  12.2 

s 

<14 

r 

54 

110.1904 

V  Lacertae 

22  44  33 

+  55  47.6 

+  2.44 

+  0.32 

22  12  44 

+  55  33.4 

8.5 

9.5 

ph. 

.55 

34.1904 

R  ir  Peijasi 

22  59.2 

+ 1 4  45 

+  2.98 

+  0.32 

22  57.0 

+  14  31 

9 

12 

ph. 

5() 

108.1901 

RS  Cdssio/iriiir 

23  32  3;i 

+  61  52.6 

+  2.77 

+  0.33 

23  30  29 

+i;i  ;!7.7 

;» 

11 

ph. 

57 

160.1904 

RT  Cassiopeitic 

23  41  26 

+  53  57 

+  2.92 

+  0.33 

23  39  15 

+  53  42 

10 

<12 

ph. 

58 

28.1903 

Y  Ceti 

23  64  27 

-24  59.1 

+  3.09 

+0.33 

23  53  10 

—25    7.5 

'.•  .s 

<11.3 

ph. 
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OBSERVATIONS  OF  MINOR  PLANETS, 

.M.\I)K    WITH    THE   20-lNCH    EQUATOKIAL    AT   THE    U.S.  NAVAL   OBSERVATOItV, 

By  W.  WALTER  DINWIDUIE. 
[Communicated  by  Rear-Admiral  C.  M.  Chestkk,  U.S.N.,  Superintendent.] 


1904  Washington  M.T. 


Comp. 


Ja 


5  11  35  26 

1 

<3(i ,  6 

5  11  49  10 

2 

t29 ,  6 

4  10  44  23 

3 

<27,6 

Jan. 


Feb. 

Feb.  11  "b  53  35 

11  10  11  5 

11  10  32  44 

15  10  40  40 

17  12  19  21 

Feb.  17  9  54  25 

20  10  20  53 

22  10  15  13 

22  10  34  22 


Feb.  24 

Mar.    8 

8 

13 

13 

Mar. 


4 

^28 ,  6 

5 

i'29,6 

6 

fSO  ,6 

7 

<30,6 

8 

<30,6 

-0  39.68 

-0  46.85 

-4  5.16 

+  1  49.61 

+  0  29.77 

+  2  27.64 

+3  46.37 

+  2  4.53 


9  I  ?28  ,  6  1  +2  45.11 

10  U30  ,  6  +3  12.76 

11  U30,6  -1  14.79 

12  U30.6  -2  33.12 


+  1  11.38 

-0  18.53 

+0  8.32 

+  0  32.10 

+  0  37.17 


14  26     4 

13 

1*30  ,  6 

13  16     3 

14 

10,10 

13  39  28 

15 

10,10 

13  22  24 

16 

^29,6 

13  35  41 

17 

!t30  ,  6 

9     9  55     9 

18 

10 

10 

9  10  38     2 

19 

toO 

6 

13  11  38  14 

20 

tAO 

8 

Mar.  9  11  47  1 
13  10  6  8 
13  10  32  34 

Mar.  15  12  20  31 
15  12  36  10 


1    21 

t29 

6 

22 

tso 

6 

23 

tSO 

6 

-3  35.48 
-2  10.47 
-2  27.88 


24  ]!;30,6  I  -1  12.45 

25  I  c28  ,  6  I  +0  50.32 


Mar.  16  13  41  39 

Apr.  3  11  25  41 

3  11  47  58 

Apr.  16  10  16  56 
18  12  4  47 
18  12  22  23 

18  12  42  41 

20  13  44  58 

Apr.  16  11  29  49 
16  11  44  51 

19  11  36  51 

21  11  15  53 
21  11  35  57 


27 

«30 

6 

28 

fSO 

6 

29 

t30 

6 

30 

<35  ,  7  1 

31 

«30  ,6 

32 

<30,6 

33 

i!l8,4 

34 

<40.8 

-4  3.41 
—  2  29.29 
+  0  42.40 

-1  13.60 
+  1  5.27 
-2  27.58 
2.33 
28.47 


-3 
-1 


35 

!;30,6 

36 

i25,5 

37 

^34,  7 

38 

#36,  6 

39 

^30,6 

+  1  50.86 
+  0  59.06 
+  1  9.21 
-0  44.19 
-2  16.39 


jS 


App.  a 


App.  8 


logpA 


Red.  to  App.  PI. 


(156)  Xdtithippe. 

+  l'  5L7  I  7  50  5*31 
4-  4  19.5  7  50  4.69 
-   1  20.5  I    7  40  51.18 

(388)  Charybdix. 
-4  2.3  I  8  40  36.57 
S  40  35.75 
8  40  34.73 
8  37  14.11 
8  35  35.40 


2  30.6 

3  23.4 
i  33.3 
7  12.5 

(454)  Mathesis. 


9  22.9 

2  40.1 

3  38.4 
9  15.6 


10  40  52.32 
10  38  3.25 
10  36  8.94 
10  35     8.13 


(.386)   Siegena. 


+ 

0  30.3 

_ 

8     1.0 

_ 

8  33.9 

_ 

0  44.9 

+ 

7  50.0 

12     1  29.04 

11  53  18.47 

11  53  17.79 

11   49  48.50 

11  49  48.09 


-0     8.57 

+   4  19.5 

+  2  34.84 

-  2  12.0 

-1  17.66 

+  8  14.3 

(334)   Chicago. 


10  45  21.56 
10  45  20.66 
10  42  56.85 


(47)  Aglaja. 


-  4  22.3 
-11  16.0 
-12  59.6 


10  53  59.09 
10  50  46.01 
10  50  45.10 


(423)   Diotima. 


-h   0  31.0 
+   4  41. 


12  20 


.98 


12  20  27.61 


Mar.  16  12  28  23  1    26  1  ^30  ,  6  I   +2  21.64    |  +   2 


(84)  Kiio. 
25.3  I  12     9 

(46)  Hestia. 


54.0 
19.5 
47.3 


12  4  40.25 
11  49  40.52 
11  49  39.82 


(317)  Roxane. 
+   6  22.6  I  12  56  56.81 
'  12  55  4.78 
12  55  4.18 


-  2  36.0 

+  1  40.0 

+  2  27.3 

+  2  4.8 


12  55  3.27 
12  53  16.34 


(403)  Cyane. 


+  6  24.1 

+  2  50.8 

+  0  19.3 

+  6  25.4 

+  9  17.0 


12  54  25.21 
12  54  24.51 
12  52  14.85 
12  50  52.77 
12  50  52.23 


+   7  54  32.3 

7.508 

0.653 

+   7  54  30.4 

8.491 

0.654 

+   8  10  49.2 

n7.266 

0.650 

+  25 
+  25 
+  25 
+  25 
+  25 


5     2.6* 

«9.257 

0.355 

5     4.0 

W9.159 

0.341 

5     6.0 

n8.991 

0.328 

9     8.7 

W8.589 

0.316 

10  34.4 

9.290 

0.359 

+  18  17 

14.9 

«9.532 

0.568 

+  18  30 

54.5 

n9.438 

0.534 

+  18  39 

29.8 

n9.427 

0.529 

+  18  39 

35.1 

n9.363 

0.516 

2  43  27.3 

8.896 

0.714  ! 

4  44  22.4 

8.760 

0.692 

4  44  31.2 

9.016 

0.693 

5  32  18.0 

9.063 

0.684  ' 

5  32  23.6 

9.150 

0.685 

+  10 

54 

26.1 

W9.297 

0.626 

+  10 

54 

31.6 

W9.065 

0.617 

+  11 

11 

12.4 

8.626 

0.610 

+  9  45  30.8 
+  9  59  36.3 
+   9  59  38.5 


7.751  I  0.629 
7i9.197  0.633 
?i9.026  I  0.629 


+  15 
+  15 


6  33.2 
6  39.3 


W8.736 
n8.346 


0.548 
0.547 


+  1.60 
+  1.60 
+  1.63 

+  1.71 
+  1.72 
+  1.72 
-H.72 
+  1.72 

+  1.61 
+  1.65 
+  1.66 
+  1.66 

+  1.61 
+  1.76 
+  1.76 
+  1.80 
+  1.80 

+  1.76 
+  1.76 
+  1.76 

+  1.76 
+  1.77 
+  1.77 

+  1.72 
+  1.72 


-13.6 
-13.6 
-14.3 

-13.3 
-13.3 
-13.3 
-12.9 

-12.7 

-14.0 
-13.9 
-13.8 
-13.8 

-11.0 
-12.3 
-12.3 
-12.6 
-12.6 

-13.9 
-13.9 
-13.8 

-13.7 
-13.7 
-13.7 

-11.9 
-11.9 


8.05  1  -   9  59  57.0  I  «7.823  I  0.820  I  +1.98  -11.4 


0  37  27.4  I    9.165  |  0.746 

1  12  39.9  I    8.684  I  0.729 
1   12  44.7  !    8.965    0.729 


+  1.86 

-11.8 

+  1.89 

-12.6 

+  1.89 

-12.7 

3  39  57.3 

;i9.079 

0.772 

3  27  37.3 

9.054 

0.770 

3  27  32.7 

9.167 

0.769 

3  27  27.2 

9.267 

0.768 

3  15  44.8 

9.485 

0.762 

16 

46 

15.0 

8.492 

0.860 

16 

46 

10.7 

8.795 

0.859 

16 

22 

11.1 

8.872 

0.856 

16 

6 

8.7 

8.700 

0.856  1 

16 

6 

3.0 

8.961 

0.854  1 

+  2.05 
+  2.04 
+  2.05 
+  2.05 
+  2.04 

+  2.26 
+  2.25 
+  2.24 
+  2.24 
+  2.24 


-10.1 
-10.2 
-10.1 
-10.1 
-10.2 

-11.2 
-11.2 
11.5 
-11.7 
-11.6 
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1904  Washington 

M.T 

* 

Comp. 

z/a 

Jo        1        App.  a 

App.  S 

logj/A 

1 

1 

(478)    'Teryeste. 

Apr.  16 

12 

24 

51 

40 

10,10 

-0 

11.59 

+ 

2     0.6 

13     8     9.64 

-18  17     8.4 

9.071 

0.864 

+2.30 

—10.2 

21 

9 

44 

54 

41 

<30,6 

+  4 

3.58 

+ 

8  42.5 

13     4  45.47 

-17  36  11.9 

n9.220 

0.856 

+  2.29 

-11.2 

21 

10 

12 

11 

42 

f30,6 

+  1 

59.20 

_ 

6  21.2 

13     4  44.59 

-17  36     0.8 

n9.045 

0.861 

+  2.29 

-11.0 

May    4 

11 

30 

32 

43 

«30,6 

-1 

31.86 

+ 

3  41.4 

12  57     5.38 

-15  45  42.2 

9.231 

0.847 

+  2.24 

—11.8 

Apr.  21 

12 

55 

4 

44 

^29,6  1 

+  3 

36.51 

+ 

(49)  Pales.'\ 
3  42.1    13  52  50.32 

-16     3  18.4 

9.102  1  0.852 

+  2..33 

-12.4 

Apr.  21 

13 

43 

1 

45 

<34,7 

+0 

42.00 

(455)  Briichsaliu. 
2  15.1  1  14  10  40.21 

+  0  39  46.1 

9.252 

0.734 

+2.07 

-  6.5 

21 

14 

t 

58 

46 

?30,6 

+  2 

40.55 

_ 

7  44.9 

14  10  39.28 

+  0  39  48.4 

9.349 

0.735 

+  2.07 

-  6.6 

May    4 

12 

54 

22 

47 

i^29,6 

+  2 

26.48 

+ 

0  55.6 

13  58  50.08 

+   1  10  .31.0 

9.311 

0.730 

+  2.12 

-   6.3 

12 

10 

16 

37 

48 

t30,6 

+  0 

32.56 

— 

1  35.0 

13  52     7.01 

+   1   18  12.0 

n8.435 

0.728 

+  2.12 

-   5.8 

May    7 

11 

41 

8 

49 

<30,6  1 

_2 

19.46 

+ 

(108)  Hecuba. 
7  50.3  1  15  25  20.02 

-24  34     8.5 

n8.960  1  0.892 

+  2.67 

-   1.1 

May    7 

12 

26 

24 

51 

^30,6 

+  2 

2.31 

(241)    Germnnia. 
3  34.9    15  34  49.86 

-24  23  58.0 

n8.177    0  894 

+  2.66 

-   1.7 

12 

11 

57 

54 

52 

i'30  ,  6 

+  3 

8.48 

+ 

4     3.1     15  30  39.23 

-24     5  45.8 

n8.366    0.893 

+  2.71 

-    1.4 

May  12 

12 

45 

39 

53 

1-30,6  1 

-1 

8.93 

_ 

(153)  Hilda. 
5  51.3  1  16  12  54.58 

-IS  37  21.3 

n8.022  1  0.869 

+  2.54 

+   1.9 

May  12 

13 

37 

51 

54 

10 ,  10| 

-0 

21.05 

_ 

(90)  Antiope. 
7  27.9  1  15  52  53.90 

-19  23  31.3 

9.147  1  0.867 

+2.58  +  0.4  , 

Mean  Places 

of  Comparison- Stars  f 

or  the  beginning  of  the 

year. 

* 

a 

8 

Authority 

* 

a 

s 

Authority 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

7  50  43.39 
7  50  49.94 

7  44  54.71 

8  38  45.25 
8  40     4.26 
8  38     5.37 
8  33  26.02 
8  33  29.15 

10  38     5.60 
10  34  48.84 
10  37  22.07 

10  37  39.59 
12     0  16.05 

11  53  35.24 
11  53     7.71 
11  49  14.60 

11  49     9.12 
10  45  28.37 
10  42  44.06 
10  44  12.75 
10  57  32.81 
10  52  54.71 
10  53  11.21 

12  21  38.71 
12  19  35.57 
12     6  44.43 
12     8  41.80 

+   7  52  54.2 
+   7  50  24.5 
+   8  12  24.0 
+  25     9  18.2 
+25     7  47.9 
+  25     8  42.7 
+  25  13  54.9 
+  25  17  59.6 
+  18  26  51.8 
+  18  33  48.5 
+  18  43  22.0 
+  18  49     4.5 
+   2  43     8.0 
+   4  52  35.7 
+   4  53  17.4 
+   5  31  45.7 
+   5  24  46.2 
+  10  50  20.5 
+  10  56  57.5 
+  11     3  11.9 
+   9  41  22.2 
+  10  11     6.0 
+  10  12  51.8 
+  15     6  14.1 
+  15     2     9.5 
-10     2  10.9 
-  0  42     9.6 

Leipzig  II,  A.G.  4230 
Leipzig  II,  A.G.  42.34 
Leipzig  II,  A.G.  4146 
Camb.  Eng.,  A.G.  4674 
Camb.  Eng.,  A.G.  4680 
Camb.  Eng.,  A.G.  4669 
Camb.  Eng.,  A.G.  4628 
Camb.  Eng  ,  A.G.  4629 
Berlin  A,  A.G.  4238 
Berlin  A,  A.G.  4223 
Berlin  A,  A.G.  4234 
Berlin  A,  A.G.  4240 
Albany  A.G.  4419 

ItLeipirB  II.  .\.G.r<yi^+l 
TJ.Vlbany.  .\.(1.  4SS7         i 
1  >L=l|'ilR  II.  .\.(i.f.<0T5+( 

Leipzig  II,  A.G.  5952 
Leipzig  II,  A.G.  59.50 
Leipzig  I,  A.G.  4131 
Leipzig  I,  A.G.  4115 
Newcomb's  Fund.Catal. 
Leipzig  II.  A.G.  5666 
Leipzig  I.  A.G.  4161 
Leipzig  I,  A.G.  4162 
Berlin  A,  A.G.  4674 
Berlin  A,  A.G.  4666 
Wien.  A.G.  Zones 
Nicolaiew.  A.G.  3376 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40t 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

11  52     7.92 

11  48  55.53 

12  58     8.36 
12  53  57.47 
12  57  29.71 
12  58     3.55 
12  54  42.77 
12  52  32.09 
12  53  23.20 
12  51     3.40 
12  51  34.72 

12  53     6.38 

13  8  18.93 
13     0  39.60 
13     2  43.10 

12  58  35.00 

13  48  51.48 

14  9  56.14 

14  7  56.66 
13  56  21.48 
13  51  32..33 

15  27  36.81 
15  28  12.69 
15  32  39.89 

15  27  28.04 

16  14     0.96 
15  53  12.37 

+  19  33.0    Albany,  A.G.  4382 
+   15  10.1    Albany,  A.G.  4369 

—  3  46     9.8  '  Strassburg,  A.G.  Zones 

—  3  24  51.1  '  Strassburg,  A.G.  Zones 

—  3  29     2.6  1  Strassburg,  A.G.  Zones 

—  3  29  44.4    Strassburg,  A.G.  Zones 

—  3  17  39.4    Strassburg.  A.G.  Zones 

—  16  52  27.9    Washington,  A.G.Zones 

—  16  48  50.3    Washington.  A.G.Zones 
-16  22  18.9    Washington,  A.G.Zones 

—  16  12  22.4  '  Washington.  A.G.Zones 

—  16  15     8.4    Washington,  A.G.Zones 
-18  18  58.8  j  Washington.  A.G.Zones 
-17  44  43.2  1  Washington.  A.G.Zones 

—  17  29  28.6    Washington.  A.G.Zones 
-15  49  ll.S  ,  Wi^nin   t,  n   .V.G.Zones 
-16     6  48.1     W                    A.G.Zones 
+  0  42     7.7     ,;.                   :,( 

+  0  47  39.9  :  i^il^i^U  aAV^^  J 
+   19  41.7  !  Albany.  A.G.4S.;-.t 
+   1   19  52.S    Albany,  A.G.4S24 
—24  41  57.7     Mioro.Comp.  with  *.50 
-24  47  10.9    Cordoba  G.C.  21077 
-24  20  21.4    Cordoba  G.C.  21 184 
-24     9  47.5    Cordoba  G.C.  21062 
-18  31   31.9  i  Radcliffe  18'X»,  4230 
- 1 9  16     3.9  1  Cine.  Zone  Cital.  2683 

The 
the  CO 
above 
were  f 

•CI 
wilh  t 

star  places  from 
urtesy  of  the  Dir 
planets,  with  th 
ound  photograpli 
anged  from  12". ( 
le  two  other  obse 

the  Strassburg  Zoi 
L'otop  of  the  CMiser 
e  exception  of  (4 
eally  by  Mr.  (i.  1 
,  one  revohition  c 
rvations  on  tbe  sa 

les  were  fiiniisheil  through 
vatorv  at  that  place.     The 
i)  Ihslia  anil  (47)  Aijlaja. 
.  Pktkks. 

f  the  micrometer,  to  agree 
me  day. 

t" 

of  .\ 

15 

Was 

usetl 

Phe  position  of 
pr. -'0.  at  12'<:!0"' 
tar  No.  40  is  do 
hington  A.ti.  Zo 

(49)  Pairs  determined  from  photographic  plate 
w .  M .  T. .  Is,   a  =  1  i^  .•i;:">  2<i'  .  8  =  - 1  it^  7  •  ;«>' . 
ible,  of  which  o.vh  counHinent  Is  given  in  the 
nes.     The   mean   of  the   two   stars   h.is   been 
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MINIMA   OF  THE   ALGOL-TY'P^  VARIABLE  7096  SY  CYGNI, 

K.A.   19"  42'"  43'    ,     Decl.  +32°  27'.t5  (1900), 
By  J.  A.  PARKHUKST. 


In  the  course  of  investigations  carrietl  out  under  a  grant 
from  the  Carnegie  Institution,  a  number  of  observations, 
visual  and  pliotographic,  have  been  secured  of  this  variable, 
which  proves  to  be  of  especial  interest  on  account  of  its 
unusual  range  of  variation.  Table  I  gives  the  observed 
magnitudes,  together  with  a  comparison  with  the  elements  of 
Ceka.ski  {A.N.,  151,  223),  J.D.  241  5004.971  +6''.00G528  E  ; 
also  with  tl>e  elements  given  by  Pickering  {A.N.,  132,  89), 


who  uses  the  same  zero-epoch,  but  makes  the  period  C. 0001 1] 
days.  The  columns  headed  C  and  r  refer  respectively  to 
these  two  sets  of  elements.  In  the  last  column  the  visual 
observations  are  indicated  by  "  vis.,"  the  photographic  by 
"phot."  The  plates  for  the  latter  were  taken  with  12  and 
18-inches  aperture,  on  the  24-inch  leflieeting  telescope,  with 
both  ordinary  and  isochromatic  plates. 


Table  I. 


Calculated  Min. 

.„ 

G.M.T. 

J.D. 

Mag. 

Epoch 

J.D. 

Ph«c 

! 

C 

P 

C 

P 

j 

b 

d 

d 

1901  Dec. 

18 

13.4 

5737.56 

13.5 

122 

&1.11 

37.72 

-0.21 

-0.16 

phot. 

Dec. 

19 

12.8 

5738.53 

10.8 

122 

37.77 

37.72 

+  0.76 

+  0.S1 

pilot. 

1902  July 

28 

17.7 

5959.74 

13.6 

159 

60.01 

59.94 

-0.27 

-0.20 

jihot. 

1904  July 

15 

17.1 

6677.71 

10.9 

278 

74.79 

74.67 

+  2.92 

+  3.04 

phot. 

July 

15 

17.4 

6677.73 

10.9 

278 

74.79 

74.67 

+  2.94 

+  3. 00 

phot. 

Nov. 

22 

13.3 

6807.55 

10.8 

300 

6.93 

6.81 

+  0.62 

+  0.74 

vis. 

_ 

13.9 

6807.58 

10.8 

300 

6.93 

6.81 

+  0.65 

+  0.77 

phot. 

_ 

14.1 

6807.59 

10.8 

300 

6.93 

6.81 

+  0.66 

+  0.78 

vis. 

_ 

16.1 

G807.63 

10.7 

300 

6.93 

6.81 

+  0.70 

+  0.82 

VIS. 

Nov. 

25 

11.9 

6810.49 

10.7 

301 

12.93 

12.81 

-2.44 

-2.32 

phot. 

Dec. 

3 

14.3 

6818.60 

12.8 

302 

18.94 

18.82 

-0.34 

-0.22 

VIS. 

Dec. 

4 

13 

6819.54 

10.5 

302 

18.94 

18.82 

+  0.60 

+  0.72 

VIS. 

Dec. 

6 

12.0 

6820.50 

10.8 

302 

18.94 

18.82 

+  1.56 

+ 1 .68 

vis. 

Dec. 

6 

12.0 

6821.50 

10.8 

302 

18.94 

18.82 

+  2.56 

+  2.68 

VIS. 

Table  II  gives  the  coordinates  from  the  variable  and  the 
magnitudes  of  the  comparison-stars  used.  The  coordinates 
were  measured  from  the  photographs.  The  magnitudes 
were  obtained  by  a  combination  of  measures  with  the  equa- 
lizing wedge  photometer  on  the  12-inch  refractor,  and  of 
measures  of  diameters  on  the  images  on  the  photographs. 
The  latter  were  reduced  to  the  visual  scale  by  the  aid  of 
negatives  taken  on  isochromatic  plates ;  which,  used  with 
the  reflecting  telescope,  furnish  means  for  correcting  for 
star  colors. 

The  color  correction  to  the  yellow  star  (j  amounts  to  0.6 
magnitude.  The  variable  photographs  0". 52  brighter  than 
the  visual  magnitude. 

The  following  conclusions  are  drawn  from  Table  I : 
First,  observations  fell  near  three  minima,  epochs  122,  159 
and  302.  Second,  if  these  observations  are  quite  near 
minimum,  they  indicate  a  correction  of  —  0'*.2  to  Picker- 

Yerkes  Observatory,  1904  December. 


isg's  ephemeris.  If,  however,  the  elements  are  correct, 
the  range  of  variation  must  be  considerably  greater  than 
three  magnitudes. 

Table  II. 


Coordinates  from  F 

Star 

R.A. 

Decl. 

Mag. 

/// 

-    3.4 

-   43 

-   25" 

12.6 

h 

-   1.7 

-  21 

+  103 

10.8 

<l 

+    0.3 

+     4 

+   58 

10.1 

f 

+   4.3 

+   55 

-   96 

11.2 

+  32°3559 

+   6.5 

+   82 

-153 

9.8 

+32°3560 

+  12.3 

+  156 

+   35 

9.0 

n 

+  15.1 

+  191 

+   38 

12.3 

q 

+  17.0 

+  215 

+  138 

13.2 

k 

+  18.4 

+  233 

-   65 

11.1 

I 

+  22.3 

+  282 

-159 

12.1 

DISCOVERY   OF  A   SIXTH 

A  dispatch  from  Prof.  Campbell  to  Harvard  College 
•Observatory,  on  Jan.  5,  states  that  a  sixth  satellite  of 
Jupiter  has  been  discovered  by  Perrine.  It  was  suspected 
in  December,   and  confirmed  last  night.     Position  angle 

*  From  Supplement  to  No.  570. 


SATELLITE   OF   JUPITER.^ 

with  reference  to  Jupiter,  269°,  distance  49',  decreasing  45" 
daily.  Apparent  motion  retrograde;  magnitude  14.  Cross- 
ley  reflector,  Dec.  3,  8,  9,  10  ;  Jan.  2,  3,  4. 
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COMET  e  1904  {Bon^ELZY>)* 

[From  Ritchie's  Circular,  Xo.  137,  of  January  3.] 

A  message  via  Harvard  Collecje  Observatory  from  Kiel, 
received  on  December  30,  announces  the  discover}-  of  a 
comet  by  Borrelly  at  Marseilles,  on  December  28.  A 
second  position,  by  Hammond,  came  the  following  day 
through  the  courtesy  of  Admiral  Chester,  Director  of  the 
U.S.  Naval  Observatory,  which  was  distributed  to  American 
astronomers,  and  later  the  same  day,  the  Konigsberg  posi- 
tion, by  Cohen,  was  received  from  Kiel.  Admiral  Chester 
has  also  telegraphed  the  hereunder  given  Elements  and 
Ephemeris,  computed  at  the  Observatory  by  Messrs.  Morgan 
and  Lamson,  from  observations  of  Dec.  30,  31  and  Jan.  1. 

These  positions  are  given  below. 


Positions. 

Gr.  M.T. 

, R.A. > 

-Decl. — V 

Observer 

1004 

h             m           a 

° 

'         " 

Dec.  29.365 

1     13     40. 

-10 

- 

Jlarseill 

30.6620 

1     15     14.2 

-   8 

56     24 

Hammoi 

31.2085 

1     15     56.5 

-   8 

29     59 

Cohen 

31.5926 

1     16     26.1 

-   8 

11       6 

Seares 

Elements. 

T  = 

1905  Jan.  13.47  Greenw.  M.T 

9.  = 

349     59  ) 
72     57  ^-  Mean  Ecj.  1904.0 
32     47  \ 

'/  = 

1.4899 

Ephemeris. 

Gr.  Midnight 

1905 

Jan.     5 

, —  R.A. —           ^Decl- 

h          m         «                         0        ( 

1    23    12             -4     9 

9 

1    29    12             -0  54 

13 

1    35    40             +2  18 

17 

1    42    32             +5  25 

Light 
0.97 


0.87 


Light,  Dec.  29  =  1. 


*  From  Supplement  to  No.  570. 


ORBIT   OF   COMET  d  1904  (GiAcoBiyi).* 

[From  KiTcuiE's  Circular,  No.  137,  of  January  3]. 
The  orbit  of  Giacobini's  comet,  which  was  circulated  by  telegraph  to  American  astronomers,  having  run  out.  and 
the  comet  being  exceedingly  faint,  the  following  Elements  and  Ephemeris  are  here  published.    They  have  been  kindly 
communicated  by  Admiral  Colby  M.  Chester,  having  been  computed  by  Messrs.  Morgan  and  Lamson,  at  the  U.S. 
Naval  Observatory,  from  observations  of  Dec.  18, 20  and  21. 
Elements. 


1904  Oct.  19.10  Greenw.  M.T. 


«i  =     31 

Si   =  217 

i  =     98 


Mean  Eq.  1 904.0 


q   =   1.8091 


Ephemeris. 

Gr.  Midnight 

,— K.A.^ 

^Decl.-, 

Light 

1905 

h           m         ■ 

O            1 

Jan.     6 

17      9      8 

+  31  18 

0.96 

10 

17    21    36 

39  24 

14 

17    34    36 

41  32 

IS 

17    48    12 

+  43  40 

0.87 

Light.  Dec.  1 

■  =  1. 

•  From  Supplement  to  No.  570. 


OBSERVATIONS  OF  COMET  c  1904  (i.oz.-B^tLr),* 

MADE   WITH   THE    16-INCH   EQUATORIAL   OF  THE    CISCl.NN.^TI    OBSKRVATOBV, 

By  J.  G.  PORTER. 


190.-)  Cin.  M.T. 

* 

Comp.                J« 

J8                  App.  a                     App.  S                     log  pA 

Re«l.  to  ipp.  place 

.1        h        m       8 

m.  1     7  56  17 
3     8     0  10 

1 
2 

12,12      -I'si'oi      +1  28'.9      l"l7"42!71      —7  23  17.4      9.207      0.799 
12  ,  12      +1     7.10      +3  35.5      1  20  25.86      -5  45     7.2      9.253  |  0.787 

-0.13    -9.1 
-0.14    -8.7 

* 

Mean  Places  of  Coinpa ritfon- Stars foi-  1905.0. 

d                                   S                                                      .Vuthorlty 

1 
2 

h        I 

1   19 
1  19 
1   14 

'33.80           -7°24'37'.2 
18.90          -5  48  34.0 
48.65          -5  49  30.1 

Rad.  1890,  327;  Gr.  lO-yr.,  216;  2'' Gr.  lO-yr.,516 
DM.  — 6°266;  eciuatorial  comparison  with 
LI.  2394;  W  1\  186;  Rum,.o93;  Par.  1674 

In  last  star,  Lalande's  R.A.,  and  Weisse's  Decl.,  rejected. 


*  From  Supplement  to  Xo.  57o. 
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No- 571 


SUNSPOT  OBSEKVATIONS, 

Made  at  Bekwyn  Pens.,  with  a  4J-inch  Refbactoh,  in   A.  \V.  QUIMBY. 


New 

Total 

Pac. 

New 

Total 

rac. 

New 

Total 

Fac. 

1904 

Time 

Gr8. 

GrB 

Spots 

Gre. 

Dcf. 

1904 

Time 

Grs. 

Gre. 

Spots 

Grs 

Dcf. 

1904 

Time 

Grs. 

Grs. 

Spots 

Grs. 

Def. 

July    1 

8 

3 

25 

2 

fail- 

Aug.  28 

8 

4 

64 

2 

poor 

Oct.   27 

7 

1 

3 

65 

4 

fair 

o 

8 

2 

18 

2 

fair 

29 

7 

1 

5 

97 

3 

good 

28 

7 

1 

3 

62 

3  1  fair      | 

3 

8 

2 

20 

2 

fail- 

30 

8 

4 

64 

3 

poor 

29 

8 

3 

79 

3 

fair 

4 

8 

1 

10 

1 

fair 

31 

7 

5 

63 

3 

fair 

30 

8 

3 

53 

4 

fair 

5 

7 

3 

24 

2 

fair 

Sept.    1 

8 

4 

54 

3 

fair 

31 

8 

3 

37 

3 

fair 

6 

7 

2 

10 

poor 

2 

8 

2 

14 

2 

poor 

Nov.    1 

8 

3 

14 

3 

poor 

7 

7 

3 

20 

i 

fair 

3 

8 

3 

12 

4 

fair 

2 

9 

2 

10 

1 

poor 

8 

7 

2 

3 

po.or 

4 

8 

2 

10 

3 

fair 

3 

8 

2 

8 

poor 

9 

.   5 

" 

2 

13 

2 

good 

5 

3 

7 

2 

fair 

4 

11 

2 

5 

poor 

10 

4 

2 

15 

3 

fair 

6 

8 

6 

2 

fair 

5 

9 

3 

6 

.. 

poor 

11 

7 

1 

20 

1 

fair 

7 

8 

4 

0 

fair 

6 

8 

3 

6 

0 

poor 

♦12 

7 

2 

15 

2 

fair 

8 

.4 

7 

1 

fair 

7 

7 

3 

5 

1 

poor 

*13 

7 

1 

2 

14 

1 

fair 

9 

3 

14 

1 

fair 

8 

8 

3 

7 

3 

fair 

*14 

7 

2 

20 

fair 

10 

5 

17 

poor 

9 

8 

1 

3 

3 

fair 

*15 

7 

2 

4 

21 

1 

fair 

11 

2 

8 

i 

poor 

10 

11 

2 

3 

poor 

*16 

7 

2 

6 

22 

1 

fair 

12 

7 

" 

6 

2 

fair 

11 

2 

2 

5 

2 

fair 

#17 

7 

6 

32 

2 

fair 

13 

7 

6 

1 

fair 

12 

8 

1 

3 

3 

fair 

*18 

7 

6 

34 

2 

fair 

15 

7 

2 

poor 

14 

9 

i 

2 

6 

poor 

*19 

7 

6 

28 

2 

fair 

16 

7 

14 

fair 

15 

9 

2 

12 

3 

fair 

*20 

8 

3 

21 

2 

poor 

17 

7 

10 

fair 

16 

9 

1 

3 

14 

1 

fair 

*21 

7 

3 

12 

2 

poor 

18 

8 

2 

7 

i 

poor 

17 

9 

1 

4 

14 

2 

fair 

*22 

7 

1 

6 

v.poor 

19 

4 

2 

17 

3 

good 

18 

8 

4 

10 

3 

poor 

*23 

3 

6 

22 

1 

fair 

20 

3 

1 

14 

poor 

19 

8 

1 

4 

17 

3 

fair 

24 

7 

3 

11 

0 

poor 

21 

7 

3 

16 

3 

poor 

20 

8 

4 

14 

3 

fair 

25 

1 

3 

13 

poor 

22 

8 

3 

18 

2 

poor 

21 

8 

4 

14 

2 

fair 

26 

4 

3 

23 

3 

poor 

23 

8 

3 

40 

3 

good 

22 

8 

i 

4 

21 

3 

fair 

27 

8 

3 

11 

2 

fair 

24 

7 

3 

12 

2 

fair 

23 

8 

3 

13 

poor 

28 

8 

3 

21 

2 

fair 

25 

8 

3 

40 

3 

good 

24 

1 

4 

28 

3 

fair 

29 

8 

3 

50 

3 

good 

26 

8 

3 

20 

3 

fair 

25 

9 

3 

13 

3 

poor 

30 

7 

3 

25 

2 

fair 

27 

8 

3 

17 

o 

fair 

26 

8 

4 

40 

4 

fair 

31 

8 

3 

18 

1 

fair 

28 

8 

2 

14 

2 

fail- 

27 

8 

2 

22 

3 

poor 

Aug.    1 

8 

3 

18 

2 

fair 

'        29 

8 

2 

6 

1 

poor 

28 

8 

2 

20 

2 

poor 

2 

8 

3 

12 

2 

poor 

30 

8 

2 

7 

2 

fair 

29 

2 

] 

3 

37 

3 

fair 

3 

8 

3 

14 

2 

poor 

Oct.     1 

2 

3 

8 

1 

poor 

30 

10 

1 

3 

18 

2 

fair 

4 

8 

5 

17 

3 

poor 

2 

9 

2 

3 

v.poor 

Dec.     1 

8 

3 

8 

1 

poor 

5 

4 

5 

18 

3 

poor 

3 

7 

2 

5 

i 

poor 

2 

8 

1 

4 

1 

fair 

6 

10 

5 

24 

3 

good 

*4 

7 

1 

2 

15 

2 

poor 

3 

8 

1 

3 

poor 

7 

8 

3 

12 

2 

good 

*5 

8 

2 

34 

2 

fair 

5 

9 

1 

4 

poor 

8 

8 

i 

3 

12 

2 

_  fair 

6 

11 

i 

3 

36 

1 

fair 

6 

8 

3 

4 

14 

2 

fair 

9 

8 

3 

10 

2 

poor 

7 

10 

2 

5 

30 

3 

fair 

7 

10 

2 

6 

22 

2 

fair 

10 

4 

i 

4 

13 

2 

poor 

8 

8 

5 

30 

2 

poor 

8 

12 

1 

6 

36 

2 

poor 

11 

4 

1 

5 

30 

2 

fair 

9 

8 

5 

34 

3 

fair 

9 

11 

1 

7 

51 

3 

fair 

12 

8 

1 

6 

82 

2 

fair 

10 

10 

4 

26 

1 

poor 

11 

8 

1 

7 

72 

3 

fair 

13 

10 

4 

20 

2 

poor 

11 

8 

1 

5 

35 

3 

fair 

13 

8 

2 

8 

42 

4 

poor 

14 

.   9 

3 

26 

3 

good 

13 

10 

1 

5 

20 

1 

poor 

14 

8 

1 

8 

43 

6 

fair 

15 

8 

4 

17 

3 

poor 

14 

8 

5 

15 

2 

fair 

15 

8 

7 

34 

2 

poor 

16 

8 

3 

6 

2 

poor 

15 

8 

4 

9 

3 

poor 

16 

10 

4 

21 

1 

poor 

17 

7 

2 

'  4 

2 

poor 

16 

8 

1 

4 

6 

2 

fair 

17 

9 

1 

5 

v.poor 

18 

8 

3 

7 

2 

fair 

17 

8 

1 

5 

14 

4 

fair 

18 

8 

3 

22 

2 

poor 

19 

8 

3 

6 

2 

fair 

18 

8 

1 

5 

9 

o 

poor 

19 

8 

2 

8 

1 

poor 

20 

3 

3 

4 

3 

fair 

19 

9 

1 

5 

14 

4 

fair 

20 

8 

2 

10 

2 

poor 

21 

8 

2 

3 

3 

fair 

20 

8 

5 

12 

1 

poor 

21 

8 

1 

2 

12 

3 

fair 

22 

8 

i 

3 

9 

2 

fair 

21 

12 

3 

14 

2 

poor 

22 

10 

1 

1 

3 

4 

fair 

23 

8 

3 

20 

2 

fair 

22 

10 

2 

22 

2 

poor 

23 

12 

2 

2 

7 

4 

fair 

24 

8 

1 

4 

64 

2 

good 

23 

8 

3 

22 

2 

poor 

28 

8 

1 

1 

10 

3 

fair 

25 

8 

1 

5 

62 

4 

good 

24 

8. 

i 

4 

21 

2 

poor 

29 

8 

1 

8 

2 

poor 

26 

8 

1 

6 

95 

3 

good 

25 

8 

4 

20 

2 

poor 

30 

7 

i 

1 

6 

v.poor 

27 

8 

■■ 

4 

7^ 

2 

fair 

26 

10 

i 

4 

66 

4 

fair 

31 

9 

1 

2 

11 

3 

fair 

'  2i-in  h  refractor. 
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SUNSPOT   OBSERVATIONS, 


MADE     AT     THE     AMUEISST     COLLEGK     OBSERVATOKY, 

Bt  ROBERT  H.  BAKER. 


1904 

New 

Disapp. 

Reapp. 

Total 

Def. 

1904 

New 

Disapp. 

Reapp. 

T°'»'      \vet\ 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

Spots 

Gr. 

SpoU 

Gr. 

Spots 

Gr.   Spots         1 

d       h 

d      b 

Oct.     2  22 

1 

6 

_ 

_ 

1 

6 

2 

7 

3 

Nov.  15  23 

- 

- . 

_ 

- 

— 

- 

2 

4     1 

4  20 

1 

21 

_ 

_ 

_ 

_ 

2 

28 

3 

16  22 

1 

2 

- 

_ 

1 

2 

3 

10     3 

5     4 

_ 

6 

_ 

_ 

_ 

_ 

2 

32 

;:; 

17     3 

- 

3 

_ 

_ 

_ 

- 

3 

11     5 

5  22 

2 

11 

_ 

_ 

2 

8 

4 

45 

.5 

17  22 

_ 

1 

_ 

_ 

_ 

_ 

3 

9     3  1 

6     3 

_ 

_ 

_ 

_ 

_ 

_ 

4 

40 

4 

18     3 

- 

3 

_ 

_ 

_ 

- 

3 

12 

4 

7     0 

1 

5 

_ 

_ 

1 

1 

5 

28 

5 

18  21 

1 

5 

_ 

_ 

1 

1 

3 

14 

4 

!            10     5 

_ 

_ 

_ 

_ 

_ 

_ 

4 

11 

1 

19     3 

- 

] 

_ 

_ 

_ 

_ 

3 

15 

5 

11     3 

_ 

16 

1 

1 

_ 

_ 

3 

36 

3 

20     0 

- 

_ 

_ 

- 

_ 

- 

3 

11 

3 

13  22 

1- 

7 

_ 

_ 

1 

1 

4 

20 

3 

21     0 

- 

1 

- 

- 

- 

- 

3 

10 

3 

14  20 

_ 

1 

_ 

_ 

_ 

_ 

4 

14 

3 

21  21 

- 

3 

1 

1 

- 

- 

2 

16 

5 

15     2 

_ 

_ 

_ 

_ 

_ 

_ 

4 

8 

3 

22     3 

- 

4 

_ 

- 

- 

- 

2 

20 

5 

15  21 

1 

2 

_ 

_ 

_ 

_ 

4 

9 

4 

22  21 

- 

- 

_ 

- 

- 

2 

19 

5 

16     4 

1 

6 

_ 

_ 

1 

1 

5 

15 

5 

23     3 

- 

- 

_ 

- 

- 

_ 

2 

10 

2 

16  21 

_ 

o 

1 

1 

_ 

_ 

4 

9 

3 

25     3 

- 

- 

_ 

- 

- 

- 

2 

10 

2 

17     4 

_ 

3 

_ 

_ 

_ 

_ 

4 

9 

4 

27  21 

- 

_ 

_ 

- 

- 

- 

1 

6 

1 

17  21 

_ 

2 

_ 

_ 

_ 

_ 

4 

10 

;; 

28     4 

1 

14 

_ 

- 

_ 

_ 

2 

20 

3 

18     3 

_ 

1 

_ 

_ 

_ 

_ 

4 

10 

4 

29     3 

- 

8 

- 

- 

- 

- 

2 

28 

4 

18  22 

_ 

1 

_ 

_ 

_ 

_ 

4 

9 

3 

30     3 

- 

- 

- 

- 

- 

- 

2 

3 

2 

19     4 

1 

15 

_ 

_ 

_ 

_ 

5 

24 

5 

30  21 

- 

- 

- 

- 

- 

- 

2 

4 

2 

21  21 

_ 

_ 

1 

1 

_ 

_ 

3 

18 

3 

Dec.     1     3 

- 

- 

- 

1 

- 

- 

2 

4 

4 

22     4 

_ 

_ 

_ 

_ 

_ 

2 

17 

4 

1  21 

1 

1 

1 

- 

- 

1 

4 

3 

23     0 

1 

3 

_ 

_ 

_ 

_ 

3 

17 

3 

2     3 

- 

- 

_ 

- 

- 

- 

1 

2 

1 

23  22 

_ 

4 

_ 

_ 

_ 

_ 

2 

14 

3 

3  22 

2 

3 

- 

- 

1 

1 

3 

4 

4 

24     4 

_ 

13 

_ 

_ 

_ 

_ 

2 

27 

5 

4     3 

- 

_ 

_ 

- 

- 

- 

3 

4 

3 

24  22 

_ 

_ 

_ 

_ 

_ 

_ 

1 

9 

1 

5  22 

- 

14 

1 

1 

- 

11 

2 

17 

5 

25     4 

1 

10 

_ 

_ 

1 

3 

3 

28 

4 

6     3 

- 

9 

_ 

- 

_ 

- 

2 

2fi 

5 

26  21 

1 

34 

1 

3 

1 

3 

3 

59 

3 

6  21 

1 

12 

_ 

5 

1 

1 

3 

32 

3 

27     3 

_ 

_ 

_ 

_ 

_ 

3 

55 

4 

8  22 

- 

6 

1 

1 

- 

3 

2 

37 

4 

27  22 

_ 

5 

_ 

_ 

_ 

3 

47 

3 

10  22 

- 

3 

- 

_ 

_ 

_ 

2 

26 

4 

28  22 

_ 

8 

_ 

_ 

_ 

2 

46 

4 

11     3 

- 

_ 

_ 

- 

- 

- 

2 

24 

3 

29  22 

_ 

1 

_ 

_ 

_ 

2 

46 

3 

11  21 

- 

7 

- 

3 

- 

- 

2 

27 

3 

30     4 

_ 

_ 

_ 

_ 

_ 

2 

34 

3 

13     2 

2 

23 

- 

- 

1 

7 

4 

46 

5 

30  21 

_ 

_ 

_ 

_ 

_ 

2 

19 

3 

13  21 

- 

6 

_ 

- 

- 

- 

3 

43 

3 

31   23 

1 

1 

_ 

1 

1 

3 

12 

L' 

14      .'! 

- 

1 

- 

- 

- 

- 

3 

44 

4 

Nov.     1     3 

1 

3 

_ 

_ 

_ 

4 

12 

4 

15   L'L' 

- 

- 

- 

3 

- 

- 

3 

34 

4 

1  22 

1 

2 

_ 

_ 

2 

8 

2 

16     3 

- 

8 

- 

- 

- 

- 

3 

51 

5 

2     4 

1 

5 

_ 

_ 

1 

3 

12 

4 

16  21 

- 

- 

1 

3 

- 

- 

2 

15 

2 

3  22 

_ 

_ 

_ 

2 

4 

1 

17  22 

- 

_ 

- 

- 

- 

- 

2 

24 

5 

5     2 

_ 

_ 

_ 

3 

7 

3 

18     3 

- 

_ 

_ 

- 

_ 

_ 

2 

19 

5 

5  23 

1 

_ 

_ 

_ 

3 

8 

3 

19  22 

- 

_ 

- 

7 

_ 

- 

2 

9 

3 

6     4 

_ 

_ 

_ 

3 

6 

fi 

20  22 

- 

- 

- 

- 

- 

- 

2 

9 

5 

7     4 

1. 

1 

_ 

_ 

2 

2 

•J 

21     3 

- 

- 

- 

- 

- 

- 

2 

6 

2 

7  21 

_ 

_ 

_ 

1 

1 

4 

■'1  2'^ 

1 

3 

1 

4 

_ 

- 

3 

1 

8  22 

_ 

_ 

_ 

1 

1 

1' 

22     3 

- 

- 

- 

- 

- 

- 

2 

3 

9  22 

1 

3 

_ 

_ 

1 

3 

2 

4 

4 

27  23 

- 

2 

- 

- 

- 

- 

o 

4 

10     3 

_ 

_ 

_ 

- 
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Observed  with  6-inch  Reflector. 


Kil 


THE     ASTKONOMICAL     JOLMINAL 


N"  571 


OBSERVATION   OF  COMET  e  1904  (//o/.«/;/./.>),* 

liv  E.   E.  BAUN'Al!!). 


Time  0'' slow  of  Gr.    Comp.  Ja 

19I>1  d  ll     lU     8  111         8 

Dec.  31     7  0  0  1  16.8  |  +2  12.36 


J8  App.  u  App.  8        Ked.  to  app.  place 

-l'  7*5  I  l''l6"'22.34  |  -8°  13  35'.5  j  +2*85   +9^9 

8  Authority 

I     — 8°12'37'!9     I     Wien-Ottakring,  A.G.C.  263 
The  comet  is  rather  large,  2'-3' in  diameter,  of  the  11th   I   or  very  strong  condensation.     The  measures   were   made 
magnitude,  very  mucli  brighter  in  the  middle,  to  a  nucleus   I    with  the  40-incli.     The  time  is  6'-  slow  of  Greenwich  M.T. 
Yerkes  Observatory,   1905  January  1. 


Comp.-Star  1904.0 


1   14  7.13 


•  From  Supplement  to  No.  570. 


NOTE    ON    THE    MASSES    OF   MERCURY,    VENUS  AND    THE    EARTH,    AND 

ON    Tin:   SOLAR   PARALLAX, 


In  his  investigations  on  the  motions  of  the  four  prin- 
cipal inner  planets  Leverrier  computed  equations  of  con- 
dition between  tlie  perturbations  of  these  planets  and  his 
assumed  values  of  their  masses.  The  mass  of  a  planet 
was  assumed  to  be  of  the  form  m{l  +  v)\  the  quantities 
with  no  accent  standing  for  Mercury,  those  with  one  accent 
for  Venus,  with  two  for  the  Earth,  &c.  Prof.  William 
Harkness  in  his  work  on  the  Solar  Parallax,  and  its  Be- 
lated Constants,  has  collected  nineteen  of  these  equations, 
and  solved  them  for  corrections  to  the  masses  of  the  three 
inner  planets.  The  reciprocals  of  the  masses  adopted  by 
Leverrier  are 


HALL. 

The  values  found  by  Hakkness  are 


3  000  000  : 


401847  : 


354  936. 


8  704  559  : 


404  681 


332  768. 


The  mass  of  Mercuri/  is  very  uncertain,  and  in  view  of 
several  recent  estimates  it  seemed  to  me  worth  while  to 
assume  a  value  of  v,  or  the  mass  of  Mercuri/,  and  to  solve 
Leverrieb's  nineteen  equations  for  corrections  to  the 
adopted  masses.  The  following  table  gives  my  assumed 
value  of  V,  the  corresponding  mass  of  Mercury,  and  the 
resulting  masses  of  Venus  and  the  Earth.  I  add  the  value 
of  \_nn,  2].  from  the  least-square  solutions,  since  it  gives 
an  idea  of  the  accuracy  of  the  different  solutions. 


V 

1 
»1 

1 
m' 

1 
m" 

„«,2 

TT 

-i 

2 

0 

12  000000 
9  000  000 
5000  000 
3000  000 

404  557 

404  669 

405  015 
405  529 

332  935 
332  785 
332  320 
331  624 

4.510 

4.256 

6.085 

16.254 

8.758 
8.762 
8.764 

8.770 

A  value  -  =  10  000  000  will  satisfy  the  equations  very 
m 
well.     The  reciprocal  5  000  000  is  nearly  the  value  found 
from  the  motions  of  the  Encke  and  Winnecke  comets. 

At  the  Transits  of  Venus,  in  1874  and  1882,  great  efforts 
were  made  to  determine  the  solar  parallax  by  photographic 
methods,  and  we  hoped  to  fix  its  value  within  0".01.  The 
German  astronomers  applied  the  heliometer  for  the  same 
purpose.  The  mean  result  of  the  photographic  and  helio- 
meter methods  is  about  8".86 ;  and  these  attempts  must  be 
considered  practical  failures. 

When  we  compare  the  fall  of  a  body  on  the  Earth  with 
the  fall  of  the  Earth  toward  the  Siin,  we  find  the  following 
equation  : 

1905  February  3. 


IT  =  609".50  X  ('"")*• 

TT  being  the  solar  parallax,  and  m"  the  mass  of  the  Earth. 
The  numerical  coefficient  in  this  equation  was  computed 
several  years  ago  from  Bessel's  dimensions  of  the  Earth, 
and  probabl}-  it  will  not  be  changed  much  in  the  future.  If 
the  mass  of  the  Earth  were  accuratelj-  known  we  should 
have  the  solar  parallax  by  this  simple  equation.  The  secu- 
lar perturbations  produced  by  the  Earth  will  at  length 
give  its  mass,  and  this  method  will  give,  I  think,  the 
standard  value  of  the  solar  parallax.  Taking  the  mass  of 
the  Moon  ^^  that  of  the  Earth,  I  have  computed  the  value 
of  TT,  in  the  last  column  of  the  table,  by  the  above  formula 
and  the  corresponding  mass  of  the  Earth. 
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OBSERVATIONS   OF   PHOEBE,   THE   NIXTH   SATELLITE   OF    SATURX, 

By  E.  E.  BAKNARD. 


In  1898  Professor  Wii.  H.  Pickering  announced  the 
discoverj',  by  photography,  of  a  very  faint  ninth  satellite  to 
Saturn,  which  he  named  Fhoehe.  I  was  anxious  to  observe 
this  object  visually  and  wrote  to  Professor  Pickering  for 
an  ephemeris.  He  was  unable  to  give  me  one'  because  the 
observations  were  not  enough  to  determine  the  orbit. 
Matters  lay  thus  for  six  years,  but  as  there  was  no  ephem- 
eris it  was  impossible  to  look  for  the  satellite  visually, 
especially  as  it  was  an  extremel}'  faint  object  and  at  a 
very  great  distance  from  Saturn. 

In  May,  1904,  I  learned  that  Professor  Pickering  had 
secured  more  photographs  of  the  satellite  and  was  getting 
out  an  orbit.  I  wrote  again  for  an  ephemeris.  Fortunate- 
ly, however,  Professor  Pickering  was  himself  able  to 
come  to  the  Yerkes  Observatory  and  make  a  search  for  the 
satellite,  but,  unfortunately,  an  urgent  telegram  called  him 
away  after  but  one  night's  search. 

Professor  Pickering  left  with  me  some  photographs 
and  later  sent  an  ephemeris.  This  ephemeris  he  after- 
ward found  was  somewhat  in  error  because  of  the  unusual 
motion  of  the  satellite.  I  was  requested  to  compare  one 
of  the  photographs  with  the  sky  so  as  to  form  some  idea 
of  the  probable  visual  magnitude  of  Phoebe,  as  the  satel- 
lite was  as  bright  as  the  fainter  stars  shown  on  the  photo- 
graph. Some  of  these  stars  were  marked  16th,  17th  and 
17^  magnitude.  The  position  was  a  =  17''  50"  5  =  — 22^°. 
On  July  4,  with  the  position  an  hour  west  of  the  meridian, 
I  was  able  to  see  all  the  stars  in  the  region  marked  out  by 
Professor  Pickering.  From  this  it  would  appear  that 
Phoebe  ought  to  be  seen  visually  with  the  40-inch.  I  had 
already  looked  for  it  on  the  nights  of  June  17  and  25. 
It  was  also  looked  for  on  July  4  and  10,  but  the  ephemeris 
was  not  exact  enough  for  one  thing  and  the  seeing  was  not 
perfect  enough  for  another,  and  the  satellite  was  not  found. 

Finally,  three  ephemeris  positions  of  ten-day  intervals 
were  issued  in  a  Bulletin  from  Harvard  College  Observa- 
tory, but  no  favorable  opportunity  occurred  to  look  for  the 
satellite  until  the  ephemeris  had  expired.  The  last  of 
these  positions  was  for  Aug.  3.  I  waited  for  a  contiuua- 
tiou  of  the  new  ephemeris,  which  did  not  come  until  Aug. 
IS. 

In  the  first  of  August  we  had  the  great  pleasure  of  a 
visit  from  Professor  Turner,  of  Oxford,  England,  who  had 
just  visited  Harvard  College  Observatory.  From  what  he 
told  me  of  his  visit  to  Cambridge  I  was  further  convinced 
that  the  existence  of  the  satellite  was  real,  though  I  had 
never  doubted  it  from  the  first  announcement  of  its  dis- 
covery. The  night  of  Aug.  8  being  favorable,  Professor 
Turner  extrapolated  a  position  of  the  satellite  from  the 


expired  ephemeris  and  we  have  made  a  careful  search  for 
the  satellite.  A  small  star  was  found  exactlj*  at  the  in- 
dicated place,  but  measures  showed  no  motion.  A  fainter 
star  was  seen  about  one  minute  of  arc  north  following,  but 
its  distance  from  the  assigned  place  made  it  unlikely  that 
it  was  the  satellite.  Both  Professor  Turner  and  I  esti- 
mated this  star  to  be  one  magnitude  fainter  than  the  star 
just  measured,  which  I  had  referred  by  the  micrometer  to 
an  11th  magnitude  star  in 

1904.0         «  =  21''  23"  0'.2         8  =  -16°  37'  15".5 

(This  position  was  obtained  by  comparison  with  Safiim). 
Measures  of  the  small  star  with  respect  to  the  11th  star 
gave, 

Pos.  Ang.  300°.99  (4)         Dist.  53".57  (2) 

These  give  Ja—0'  46".4  =  —0"  3'.22 
JS+C  26''.8 
This  faint  star  was,  therefore,  in 
1904.0       a  =  21"  22'"  57'.0        8  =  - 16°  36'  4S".7     15"  ± 

The  position  of  the  fainter  star,  which  I  had  sketched 
on  the  diagram,  can  be  quite  closely  determined.  By 
measuring  the  diagram  the  object  was  found  to  be  4".8 
following  and  39"  north  of  the  above  star.  This  would 
give  it  the  position. 

1904.0         rt  =  21"  23'»  1'.8         8  =  -IG-"  36'  9' 

with  a  probable  error  of  about  5" 

Later,  Prof.  E.  C.  Pickering  informed  me  that  no  star 
existed  in  any  of  his  photographs  at  the  place  of  this  ob- 
ject, and  furthermore,  that  it  nearly  occupied  very  closely 
the  ephemeris  position  of  Phoebe.  This  position  was  ex- 
amined several  times  subsequently,  but  the  seeing  was 
such  as  to  leave  one  in  doubt  as  to  the  existence  of  the 
object,  but  on  Sept.  5  the  conditions  were  goo<l  enough  to 
be  certain  that  it  had  disappeared.  On  this  date  I  again 
searched  for  the  satellite  at  the  ephemeris  place  but  the  see- 
ing ha<l  become  poor  and  it  was  not  found.  On  Sept.  12 
the  conditions  were  better  and  the  absence  of  the  object 
was  certain.  On  this  night,  which  was  favorable.  I' again 
searched  for  Phoebe,  and  near  its  position  found  a  faint 
st^ir  which  measures  soon  showed  was  not  the  satellite  (see 
star  ■_'  of  the  list  of  positions  later  on).  I  then  applied  a 
higher  power,  which  often  brings  out  fainter  stars,  and 
two  excessively  faint  stars  were  seen  nearer  its  ephemeris 
place.  The  following  of  the  two  —  and  which  was  slight- 
ly the  brighter — was  measured  with  reference  to  a  13" 
star. 
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10  S  IG 
10  13  38 
10  10  57 


10  1.'3  G 
10  37  41 
10  47  46 
10  30  11 


JS 

0  45.33  (2) 
0  44.62  (2) 

0  44.97  (4) 

Ja 

1  4S."74  (3) 
1  45.06  (3) 
1  43.03  (3) 


Faint  object  north. 


Faint  object  following. 


1  45.61   (9)  =  0'"  7'.40 

Though  this  object  was  excessively  faint  and  ditticult 
(est.  16". 7)  tke  measures  iu  z/a  clearly  showed  motion 
towards  the  west.  The  intervals  in  the  /J8  measures  were 
not  great  enough  to  make  motion  certain,  but  the  slight 
difference  would  indicate  a  change  towards  the  south. 
The  theoretical  motion  of  Fhoehe  was  southwest. 

The  Ja  consistently  gave  a  westward  motion  of  0".226 
per  minute  of  time.  Using  this  motion  and  reducing  the 
two  last  measures  to  the  epoch  of  the  first  one  we  have 


10  23  6 
10  37  41 
10  47  46 


Ja 


1  48.74 
1  48.42 
1   48.71 


.36".  G 


0".9 


I  have  lately  determined  the  position  of  the  13"  com- 
parison star  with  reference  to  Kadcliffe  1890  Catalogue, 
No.  5764,  whose  place,  brought  up,  is 

1904.0     «  =  2P  16'"  54».05         8=  -17°  14' 
The  observations  gave  (13"  star  —5764) 

j„  =  _4™  35'.07         M  =  -12'  24".3 
This  gives  for  the  comparison  star 

1904.0     rt  =  21"  12"  18».98         8=  -17°  27 
Reduction  to  apparent  place  +3'.ll      +19".8 
The  place  of  the  satellite  was,  therefore, 

10''  Kr  57^     8  apparent  =  —17°  25'  56".l 
10    3G     11     «  apparent  =      21"  12™  29\49 

Professor  Pkkkking  informs  me  that  the  above  position 
falls  almost  exactly  in  the  ephemeris  place. 

I  have  searched  a  number  of  times  since  with  an  ephem- 
eris kindly  supplied  me  by  Dr.  F.  E.  Ross,  of  Washington, 
who  is  investigating  the  orbit  of  the  satellite,  but  the  con- 
ditions have  never  been  such  as  would  show  such  a  faint 
object. 


S'o. 

Mag 

1 

11 

9 

k; 

3 

9 

4 

10 

5 

11 

When  Saturn  gets  furtlier  north,  however,  there  will  be 
no  trouble  in  visually  observing  the  satellite,  but  at  the 
present  low  altitude  the  seeing  is  seldom  good  enough  to 
see  a  very  faint  object  like  Phoebe. 

In  these  observations  five  other  stars  were  incidentally 
observed.     Following  are  the  positions  : 

a  1004.0  8  1904.0 

2l''  12'"   9.'20  —17  23  39.2 

21    12  29.74  -17  25  46.3 

21    14  .-.7.G7  -17  24  58.2 

21   15     5.14  -17  23  20.7 

21   16  25.89  -17  19     1.8 

The  third  star  is  S.D.  17''.6239. 

The  13"  star  (to  which  the  satellite  was  refeired)  was 
compared  also  with  this  star.  When  the  place  of  6239  is 
accurately  determined  it  will  give  a  better  position  of  the 
13"  star,  because  in  the  comparison  with  Radcliffe  5764 
three  intermediate  stars  had  to  be  used. 
The  measures  are 

13"  star  -  S.D.  17°.6239 
Ja=  -2'"  38».69  (12) 
J&  =  -2'      2".6     (  4) 

At  the  observation  of  Aug.  8  (assuming  the  faint  object 
to  have  been  the  satellite)  Phoebe  would  not  be  fainter 
than  16".  At  the  observation  of  Sept.  12  it  would  not  be 
brighter  than  IGi".  The  estimation  on  this  last  date  made 
it  16".7. 

The  observations  have  not  been  printed  before  because  I 
had  hoped  to  get  more  measures  to  go  with  them,  but  there 
is  now  no  further  chance  this  season. 


NOTE. 

Professor  E.  C.  Pickeking  has  supplied  me  with  the  position  of 
the  star  S.D.  17°. 6239  which  has  been  carefully  observed  at  the 
Naval  Observatory,  Washington. 

1900.0     a  =  21i'   14"'  44».40         8  =  — 17°  2.5'  .59".2 
Using  this  star,  the  position  of  the  13"  comparison  star  of  Sept. 
12  is 

1904.0     a  =  21''  12""  19MI         8  =  —17°  27'  I'.G 
The  resulting  place  of  Phoebe  on  Sept.  12  was  tlierefore 
10''  10"'  57«    apparent  6  =  —11°  25'  56". 8 
10''  .36"'  11*     apparent  a  =      21'' 12m  29».60 
The  times  are  Central  Standard  time  (6''  C'  slow  of  G.M.T.). 

Yerkes  Observatory,  1904  November. 
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INVESTIGATION   OF  THE   PIVOTS    OF   THE   OLCOTT   MERIDIAN    CIRCLE   OF 

THE   DUDLEY   OBSERVATORY, 

Bv  LEWIS  BOSS. 


In  preparation  for  the  series  of  observations  of  a  funda- 
mental character  upon  the  positions  of  the  principal  stars 
contemplated  at  the  Dudley  Observatory  it  becomes  almost 
indispensable  that  the  pivots  of  the  meridian  circle  should 
be  investigated.  The  Olcott  Meridian  Circle  of  this  Ob- 
servatory, made  in  1856  by  Pistor  and  Martins  of  Berlin, 
has  been  in  use  for  about  forty-seven  years.  However  per- 
fect the  form  of  the  pivots  may  have  been  originally,  it  is 
natural  to  suppose  that  they  may  have  suffered  deteriora- 
tion from  the  exposure  and  wear  of  nearly  half  a  century. 
Some  ground  for  this  suspicion  is  offered  in  the  discordance 
of  the  meridian  described  by  this  instrument  in  1897-8  from 
the  mean  of  the  best  modern  determinations  (A.J.53A  &  549). 

Accordingly  it  was  decided  to  refigure  the  pivots;  and 
this  was  accomplished  in  October,  1904.  In  order  to  avoid 
a  number  of  inconveniences  and  risks  it  was  decided  to 
perform  the  work  of  refiguring  the  pivots  without  dis- 
mounting the  instrument.  In  1894,  Warner  and  Swasej-, 
of  Cleveland,  Ohio,  had  shaped  a  cast-iron  tool  to  serve  as 
a  grinder,  or  polisher,  of  these  pivots.  This  tool  consisted 
of  two  half  segments  of  a  hollow  cylinder  accurately  fitting 
the  pivots.  The  two  halves  are  held  together  bj-  bolts  pass- 
ing through  flanges  exterior  to  the  cylinder.  Tliin  brass 
wedges  slightly  separate  the  two  halves,  and  in  conjunction 
with  the  bolts  permit  of  delicate  adjustment.  Conveiiie)it 
handles  for  operating  the  tool  are  provided.  The  process 
of  grinding  was  carried  out  b}'  the  staff  of  the  Observatory. 
The  inside  of  the  tool  was  lightlj'  smeared  with  a  mixture 
of  olive  oil  and  very  finely  powdered  soapstone.  The  tool 
was  then  slipped  on  the  pivot  under  an  adjustment  which 
permitted  rather  rapid  rotation  upon  the  jiivot  without  ex- 
cess of  fatigue  to  the  operator.  The  tool  was  frequently 
shifted  from  one  pivot  to  the  other  under  precisely  the 
same  adjustment.  The  tool  was  still  more  frequently 
reversed,  so  that  a  given  face  of  it  wa.s  alternately  outward 
and  inward,  in  order  to  provide  against  the  formation  of  a 
conical   surface,  either  of  the   tool    or  of  the  pivot.      In 


placing  the  instrument  on  the  reversing  carriage  the  tele- 
scope was  set  successively  at  90°,  270°,  45°,  225°.  315°  and 
135°,  of  zenith-distance.  The  process  of  grinding  was  con- 
tinued until  minute  examination  of  both  pivot  and  tool 
indicated  that  the  surfaces  were  in  equal  contact  througli- 
out  the  entire  circumference.  The  result  was  further  tested 
near  the  end  of  the  work  by  preliminary  measurement  of 
inequalities  in  the  manner  hereinafter  described.  When 
ft  was  deemed  probable  that  no  decided  improvements  in 
the  form  of  the  pivots  would  be  attained  by  further  grind- 
ing, the  work  was  completed  by  the  use  of  rouge  such  as  is 
employed  in  the  polishing  of  lenses.  After  use  of  the  rouge 
for  five  or  six  hours  the  pivots  received  a  very  fine  polish. 
The  pivots  of  the  Olcott  Circle  are  unusually  small  for 
an  instrument  of  its  general  dimensions.  They  are  onh- 
51.5  mm.  in  diameter;  and  the  perforations  for  admitting 
illumination  of  the  reticle  are  only  22  mm.  in  diameter. 
This  condition  seemed  to  prohibit  the  adoption  of  the  axis- 
collimator  method,  which  appears  to  offer  fewest  objections 
whenever  the  construction  is  such  as  to  admit  of  the  em- 
ployment of  a  sufficiently  large  objective  lens.  It  appeared 
at  first  sight,  however,  that  virtually  the  same  principle 
could  be  employed  bj*  the  use  of  a  reflector  adjusted  to  the 
end  of  the  pivot  and  perpendicular  to  the  mean  axis  of 
rotation,  from  the  surface  of  which  the  reflected  images  of 
parallel  wires  in  the  focus  of  a  collimator,  adjusted  per- 
pendicular to  the  surface  of  the  mirror,  could  be  observed. 
This  method  would  have  an  advantage  in  the  employment 
of  a  collimator  with  sufficient  aperture  for  optically,  good 
results.  It  has  the  disadvantages,  subsequently  ascertained, 
of  great  sensitiveness  to  changes  of  temperature  during 
observation,  and  of  including  with  the  variations  of  angle, 
produced  by  inequalities  in  the  rotating  pivot,  the  full 
effect  of  fle.xure,  or  buckling,  of  the  axis.  This  latter 
effect  was  speedily  found  to  be  very  sensible,  though  re- 
markably conformable  to  a  definite  mathematical  law,  as 
will  be  seen  further  on. 

(167) 
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An  adjustable  minor,  silver-on-glass,  of  4i)  mm.  in  diame- 
ter, was  provided.  The  plane  surface  of  the  mirror  is  of 
the  high  perfection  naturally  expected  of  Mr.  Urashear,  of 
Allegheny,  who  constructed  the  apparatus.  The  reflected 
images  were  so  bright  that  no  difficulty  wliatever  was  ex- 
perienced in  using  the  apparatus  in  full  daylight.  The 
mirror,  about  G  mm.  in  thickness,  is  fastened  to  a  metal 
disc  of  the  same  diameter  by  means  of  three  adjustable 
spring  clamps,  which  serve  to  hold  the  mirror  in  place 
during  rotation,  without  undue  pressure.  It  was  difficult 
to  realize,  at  first,  how  little  pressure  was  needed,  and  how 
much  the  action  of  the  mirror  was  impaired  by  excess  of 
pressure  beyond  that  needful.  In  the  disc  supporting  the 
mirror  are  four  adjusting  screws  abutting  against  the  end 
of  the  pivot.  A  brass  plug  was  inserted  in  the  aperture 
of  the  pivot,  and  a  screw  passing  through  the  center  of  the 
supporting  disc  into  the  plug  served  to  hold  the  apparatus 
firmly  in  place.  Its  total  height  from  the  face  of  the  pivot 
was  only  15  mm.  The  entire  arrangement  worked  well. 
The  mirror  could  be  speedily  attached  and  adj\isted,  or 
transferred  from  one  pivot  to  the  other. 

The  collimator  consisted  of  a  small  telescope  of  unknown 
make,  70  mm.  in  aperture,  and  114  cm.  in  focal  length.  To 
this  was  adapted  a  spare  micrometer  like  those  employed 
on  the  circle  microscopes.  This  micrometer  proved  to  be 
exceptionally  bad.  The  collimator  was  intended  only  for 
a  preliminary  experiment;  but,  later,  in  order  to  avoid 
delay,  it  was  decided  to  complete  with  it  the  definite  in- 
vestigation. The  periodic  errors  of  the  micrometer  screw 
was  very  thoroughly  investigated,  and  corrections  which 
proved  to  be  sensible  were  applied  to  all  the  observations. 
Successive  revolutions  of  the  screw  proved  to  be  sensibly 
equal  and  of  the  value  4.5".29.  The  parallel  threads  were 
about  17"  asunder.  The  magnifying  power  was  approxi- 
mately 50  diameters. 

The  collimator  was  fastened  in  the  central  holes  of  the 
pier  by  means  of  cast  iron  rings,  set  in  plaster,  and  provided 
with  adjusting  screws  abutting  against  the  tube  of  the  col- 
limator. This  proved  to  be  a  very  convenient  and  satis- 
factory arrangement. 

The  investigation  was  conducted  in  the  following  man- 
ner. After  adjustment  of  the  apparatus,  the  circle-telescope 
was  pointed  to  the  zenith,  and  the  reflected  wires  in  the 
collimator  were  read  upon  precisely  as  in  ordinary  obser- 
vation of  the  nadir.  Illumination  was  provided  by  a 
small  oil  light.  The  ray  from  this  was  reflected  down  the 
collimator  tube  by  means  of  a  small  bit  of  plane  glass  in- 
clined at  an  angle  of  45°  in  front  of  the  aperture  of  the 
eye-piece.  The  first  reading  completed,  the  telescope  was 
moved  to  15°  in  zenith-distance  and  a  reading  was  taken 
as  before.  This  process  was  continued  at  intervals  of  15° 
until  0°  was  again  reached,  when  the  readings  were  repeated 
in  inverse  order  of  rotation.     Thus  it  might  be  expected, 


that  effects  of  temperature,  etc.,  affectiiig  the  apparatus 
nearly  in  proportion  to  the  elapsed  time,  would  be  elimi- 
nated. 

If  the  discordance  between  tlie  readings  near  the  begin- 
ning and  end  of  the  series  amounted  to  more  than  0".7, 
however,  the  entire  series  was  discarded.  Such  rejection 
was  rarely  necessary  in  the  investigation  proper.  At  a 
more  favorable  season  of  the  year  (the  present  observations 
were  in  November  and  December)  and  by  awaiting  more 
patiently  periods  when  the  external  temperature  would  be 
likely  to  be  nearly  constant,  it  is  probable  that  a  rejection 
on  account  of  discordance  would  not  have  been  necessary 
at  all.  About  one  hour  was  consumed  in  the  readings  for 
a  series  of  49  settings.  Readings  for  the  entire  investi- 
gation, including  rejected  series,  consumed  35  hours,  on  9 
days. 

After  a  series  of  measurements  of  the  horizontal  com- 
ponent of  the  displacement  of  the  images,  the  micrometer 
was  rotated  90°,  and  a  like  series  of  measurements  upon 
the  vertical  displacements  was  made.  These  two  series 
together  constitute  one  series  in  the  meaning  of  this  paper. 

In  the  next  series  the  order  of  progressive  rotation 
was  the  reverse  of  that  in  the  first  series.  In  the  third 
and  fourth,  otherwise  like  the  first  and  second,  the  mirror 
was  rotated  180°  from  its  first  position.  These  four  series 
were  then  combined  into  one  set  of  means.  The  clamp 
pivot  is  designated  as  A,  the  other,  B.  The  first  four 
series  were  read  upon  A,  —  collimator  in  west  pier,  giving 
AW.  The  meridian  circle  was  then  reversed,  and  this 
series  is  designated  BW.  With  the  telescope  in  the  east 
pier  we  have  in  like  manner  AE  and  BE. 

It  was  easy  to  adjust  the  mirror  so  that  the  inclination 
of  its  plane  to  the  mean  axis  of  rotation  did  not  differ  from 
90°  much  more  than  1"  in  any  case.  But  it  was  necessary, 
of  course,  to  determine  the  inclination  for  each  series.    Let 

/  =  Inclination  of  the  mirror  to  the  plane  perpendicular 
to  the  mean  axis  of  rotation. 

^   =   Zenith-distance  of  the  instrumental  pointing. 

^'  =  Zenith-distance  of  the  line  perpendicular  to  the  node 
of  the  mirror-plane  upon  the  meridian  plane  of 
the  instrument  when  the  pointing  is  zero. 

a  =   1  cos  ^'. 

h  =   I  sin^'. 

Then  we  shall  have  for  the  horizontal  displacement  of  the 
image  on  account  of  inclination  of  the  mirror, 

(■'   =   b  cos  ^  -h  a  sin  ^, 

and  for  the  vertical  displacement, 

t'   =   II  cos  I,  —  h  sin  t,. 

The  horizontal  and  vertical  sub-series  each  give  a  de- 
termination of  a  and  b  which,  theoretically,  ought  to  agree 
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■within  what  is  to  be  expected  from  the  unavoidable  errors 
of  measurement.  In  fact,  this  agreement  was  usually 
within  0".2,  but  was  not  always  so  close  as  the  precision 
of  the  measurements  seemed  to  require.  A  sensible  part 
of  these  discordances  is  attributed  to  slight  movements  of 
the  telescope  from  one  serie.s  to  another,  presumablj-  to  be 
attributed  chiefly  to  the  effects  of  varying  temperature. 
The  telescope  projected  beyond  the  pier  unsupported  for 
half  its  length,  and  was  not  protected  from  the  heat  of  the 
observer's  body.  The  effects  attributed  to  small  displace- 
ments of  this  kind  were  much  more  marked  in  the  measure- 
ment   of   the    vertical,  than    in    that    for   the   horizontal, 


component.  Since  the  temperature  of  the  observing  room 
was  almost  always  lower  than  +2°C.,  and  even  lower  than 
—  5°  at  times,  it  may  easily  be  imagined  that  the  contracted 
heat  of  the  observer's  body  for  an  hour  might  produce  a 
sensible  effect  on  the  line  of  collimatiun  of  the  collimator- 
telescope,  and  that  this  would  be  more  marked  in  obser- 
vation of  the  vertical  component.  Accordingly,  a  and  b 
were  determined  and  applied  for  each  sub-series  separately. 
Table  I  exhibits  the  final  results  of  the  measurements 
upon  the  horizontal  and  vertical  components,  corrected  for 
inclinations  of  the  mirror.  As  already  stated,  each  set  is 
the  mean  of  four  sub-series  for  each  of  the  components. 


TABLE 

I. 

Oiis 

;rved  An(. 

ULAK    1) 

EVIATIOXS,    <J>.    OF    THK 

Pivots  durix<;  Rotatio.v. 

Horizonlal 

Component 

Vertical  Component 

AW 

BE 

AK 

liW 

P' 

AW 

BE 

AE 

liW 

P' 

0 

+'.10 

_ 

.08 

-.06 

-.03 

+'.04 

+'.73 

+'.79 

+'76 

+'.74 

-!oi 

15 

+  .41 

+ 

.46 

+  .28 

+  .33 

-.02 

+  .78 

+  .67 

+  .63 

+.49 

+  .06 

30 

+  .63 

+ 

.80 

+  .50 

+  .67 

-.08 

+  .50 

+  .40 

+  .47 

+  .29 

+  .07 

45 

+  .80 

+  1.01 

+  .64 

+  .90 

-.12 

+  .04 

+  .01 

+  .08 

-.16 

+  .06 

60 

+  .58 

-1- 

.83 

+  .63 

+  .80 

-.11 

-.42 

-.38 

-.37 

-.47 

+  .02 

75 

+  .27 

+ 

.54 

+  .34 

+  .49 

-.10 

-.79 

-.68 

-.67 

-.68 

-.02 

90 

-.07 

+ 

.05 

+  .10 

+  .03 

-.01 

-.79 

-.82 

-.78 

-.86 

+  .03 

105 

-.38 

_ 

.42 

-.37 

-.39 

+  .02 

'^2 

-.76 

—  .75 

-.61 

-.03 

120 

-.66 

_ 

.83 

—  .55 

-.73 

+  .18 

-.38 

-.46 

-.42 

oo 

-.03 

1.'55 

-.71 

_ 

.90 

-.72 

-.83 

+  .18 

-.04 

.00 

-.04 

+  .13 

-.05 

150 

-.63 

_ 

.88 

-.62 

-.79 

+  .11 

+  .45 

+  .44 

+  .39 

+  .46 

-.02 

165 

-.31 

— 

.45 

-.37 

-.46 

+  .06 

+  .78 

+  .80 

+  .66 

+  .73 

-.02 

180 

+  .04 

__ 

.116 

-.03 

-.10 

+  .04 

+  .79 

+  .82 

+  .80 

+  .77 

.00 

195 

+  .45 

+ 

.43 

+  .33 

+  .36 

-.01 

+  .70 

+  .74 

+  .68 

+  .65 

.00 

210 

+  .63 

+ 

.79 

+  .63 

+  .74 

—  .07 

+  .28 

+  .35 

+  .37 

+  .33 

-.01 

225 

+  .75 

+ 

.94 

+  .71 

+  .89 

-.09 

-.06 

-.05 

+  .01 

-  .06 

+  .02 

240 

+  .62 

+ 

.82 

+  .59 

+  .77 

-.10 

-.41 

-.48 

-.37 

—  .55 

+  .06 

255 

+  .32 

+ 

.56 

+  ..37 

+  .50 

-.09 

-.62 

-.71 

-.64 

-.82 

+  .07 

270 

-.02 

+ 

.05 

-.04 

+  .03 

-.04 

-.71 

-.84 

—  .77 

-.89 

+  .06 

285 

-.43 

_ 

.41 

-.39 

-.35 

-.02 

-.59 

-.66 

—  .67 

-.62 

.00 

oOO 

-.69 



.74 

-.56 

-.74 

+  .06 

-.48 

-.35 

-.40 

-.29 

-.06 

315 

—  .77 

_ 

l.Ol 

-.66 

-.92 

+  .12 

-.01 

+  .04 

-.02 

+  .25 

-.08 

330 

-.62 



.90 

.  -  .51 

-.76 

+  .13 

+  .31 

+  .46 

+  .31 

+  .56 

-.10 

345 

-.29 

- 

.53 

-.28 

-.42 

+  .10 

+  .64 

+  .63 

+  .63 

+  .82 

-.04 

zenith-distances. 

^,  are  counted   toward  the 

south   1 

A  W 

v  =  

-BE 

AE-BW 

for  sets  .1  W  and  BE,  and  toward  the  north  for  />'  W  and 
AE.  For  AW  and  BW,  vertical  component,  a  positive 
sign  means  that  the  axis  points  above  the  western  horizon  ; 
for  AE  and  BE,  that  the  axis  points  above  the  eastern 
horizon.  Similarly  for  the  horizontal  component,  positive 
values  of  <J>  indicate  that  for  A  If  and  BE  the  axis  of  the 
pivots  points  southward  of  the  prime  vertical,  and,  for  AE 
and  BiV,  northward.  The  effect  of  these  conventions 
should  be,  that,  if  the  measurements  indicate  the  error  of 
pivots  alone,  then  .1  W  and  AE  should  givey  with  jjroper 
sign  referred  to  the  instrument,  clamp  west ;  and  />'  H'  and 
BE  should  give  minus  p,  though,  otherwise,  referred  to 
clamp  west  and  south  zenith-distances.  Consequently  we 
should  have  : 


The  mean  values  of  observed  i>  computed  in  this  manner 
are  given  in  the  sixth  and  eleventh  columns  of  Table  I. 
These  are.  in  effect,  the  values  finally  adopted.  Whatever 
the  actual  source  of  jt,  thus  derived,  it  is  evident  that  the 
pivot  error  must  be  exceedingly  small.  It  is  well  toward 
the  minimum  that  can  be  determined  by  instrumental 
means  with  absolute  certainty  as  a  real  quantitj'.  Yet  it 
seems  worth  while  to  examine  the  composition  of  the 
quantities,  ♦,  for  each  of  the  sets  in  Table  I. 

The  most  casual  inspection  of  the  various  determinations 
of  <l>  indicate  that  p  forms  a  comparatively  insignificant 
part  of  them.  For  example,  consider  the  value  of  ♦  in  the 
vertical  comjionent  for  {  =  0°.     The  jiositive  value.  +'.73 
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for  A  W  indicates  that  the  west  eud  of  the  axis,  for  that 
setting,  points  above  the  western  horizon ;  while,  simul- 
taneously the  result,  +".79,  for  UK  indicates  that  the  axis 
of  the  eastern  pivot  is  pointing  above  the  eastern  liorizon. 
This  state  of  the  case  is  confirmed  by  comparison  of  HW 
and  AE\  as  well  as  for  other  settings  of  the  instrument. 
Simultaneous  values  of  *,  having  the  same  sign,  also  char- 
acterize the  measurements  of  the  horizontal  component. 
The  e.xplanation  obviously  is,  that  there  is  buckling,  or 
flexure,  of  the  axis. 

An  attentive  examination  of  the  observed  niaterial  leads 
to  the  hypothesis  that  this  flexure  takes  place  in  a  plane, 
parallel  to  the  axis  of  rotation,  and  fixed  with  reference  to 
the  cube  of  the  instrument ;  as  if  the  axis  were  rigid  in  all 
planes  except  this  in  which  the  flexure  is  supposed  to  take 
place.  Let  the  maximum  buckling,  or  flexure,  be  desig- 
nated, 2F;  and  let  the  inclination  of  the  flexure-plane  to 
the  prime  vertical  plane  when  the  instrumental  pointing  is 
at  the  zenith  be  called  ^,'.  The  maximum  flexure  of  the 
axis  will  then  occur  when  the  instrumental  pointing  is 
— ^i';  and  it  would  become  zero  at  ^  =  90°—^/,  i.e.,  when 
the  flexure-plane  is  in  the  horizon.  Another  maximum, 
identical  with  the  tirst,  would  occur  at  180°  —  ^/.  Moreover 
the  flexure,/,  for  any  setting,  would  be  proportional  to  the 
component  of  gravity  resolved  in  the  direction  of  the 
flexure-plane.     We  shall  then  have  : 

/  =   2Fcos{^+U) 


f  =  horizontal  comp.  =  2i''oo8({+{i')  sin ({+{,') 
/"  =  vertical  comp.      =  2/'co8'({4-{,') 


Putting 


y<'co8  2i,'  =  b' 
/i'sin2f,'  =  a' 


(1) 

(2) 

(3) 


(4) 

(5) 


/'  =  a'  COS  2^  +  6'  sin  2^ 
/"  =  b'  cos2f  —  a'  sin2(; 

In  the  expression  for  /"  a  constant,  F,  is  neglected. 
This  is  the  mean  inclination  of  the  end  of  the  axis  to  the 
mean  axis  of  rotation,  which,  like  the  inclination  due  to 
difference  of  level  of  the  two  pivots,  cannot  be  separated 
from  the  determination  of  the  inclination  of  the  mirror,  /. 
This  neglect  obviously  has  no  influence  upon  the  effective 
determination ;  and  it  can  subsequently  be  remedied  and 
applied  through  equations  (3). 

Recurring  to  the  values  of  *,  Table  I,  it  is  evident  that 
we  have : 


for  .-iJFand  AF,     *  =  f'+p 
for  BF  and  BW,    *  =f'-p' 


and    f"+p" 
and    f"—p" 


Hence,  assuming  for  the  moment  that  the  flexure  is  the 
same  for  each  pivot,  we  shall  have : 

AW+BF        AF+BW 
.f,  or/"   =    2 =  2 

Table  II  exhibits  the  result  of  these  combinations,  and, 
also,  their  mean,  which  is  adopted  as  the  observed  mean 
flexure. 


TABI 

.E    11.       ()E 

SERVED  Values  of  Flexure. 

Horizontal  C 

omponeut 

Vertical 

Component 

A  W+BE 

AE+B  \V 

AW+BE 

AE+BfV 

f 

2 

•2 

Mean/' 

C— 0 

2 

2 

Mean/" 

C-O 

o' 

+".01 

-".05 

-".02 

+  "02 

+"76 

+  "75 

+^75 

+  "05 

15 

+  .43 

+  .31 

+  .37 

+  .03 

+  .72 

+  .56 

+  .64 

+  .05 

30 

+  .72 

+  .58 

+  .65 

+  .05 

+  .45 

+  .38 

+  .41 

-.01 

45 

+  .90 

+  .77 

+  .84 

-.04 

+  .02 

-.04 

-.01 

+  .01 

60 

+  .70 

+  .72 

+  .71 

-.02 

-.40 

-.42 

-.41 

+  .01 

75 

+  .40 

+  .41 

+  .41 

-.01 

-.73 

-.68 

—  .70 

.00 

90 

-.01 

+  .06 

+  .03 

-.03 

-.80 

-.82 

-.81 

+  .01 

105 

-.40 

-.38 

-.39 

-.01 

-.74 

-.68 

-.71 

+  .02 

120 

-.75 

-.64 

-.69 

-.01 

-.42 

-.32 

-.37 

-.03 

135 

-.84 

-.78 

-.81 

+  .01 

-.02 

+  .04 

+  .01 

-.01 

150 

-.76 

-.70 

-.73 

+  .04 

+  .44 

+  .42 

+  .43 

-.03 

165 

-.38 

-.42 

-.40 

.00 

+  .79 

+  .70 

+  .74 

-.04 

180 

-.01 

-.06 

-.04 

+  .04 

+  .81 

+  .79 

+  .80 

.00 

195 

+  .44 

+  .34 

+  .39 

+  .01 

+  .72 

+  .66 

+  .69 

.00 

210 

+  .71 

+  .68 

+  .70 

.00 

+  .32 

+  .35 

+  .33 

+  .07 

225 

+  .84 

+  .80 

-f.82 

-.02 

-.06 

-.02 

-.04 

+  .04 

240 

+  .72 

+  .68 

+  .70 

-.01 

-.44 

-.46 

-.45 

+  .05 

255 

+  .44 

+  .44 

+  .44 

-.04 

-.66 

-.73 

-.70 

.00 

270 

+  .02 

.00 

+  .01 

-.01 

—  .77 

-.83 

-.80 

.00 

285 

-.42 

-.37 

-.40 

.00 

-.63 

-.65 

-.64 

-.05 

300 

-.72 

-.65 

-.68 

-.02 

-.42 

-.34 

-.38 

-.02 

315 

-.89 

-.79 

-.84 

+  .04 

+  .02 

+  .11 

+  .06 

-.06 

330 

-.76 

-.64 

-.70 

+  .01 

+  .38 

+  .44 

+  .41 

-.01 

345 

-.41 

-.35 

-.38 

-.02 

+  .64 

+  .72 

+  .68 

+  .02 
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Through  the  employment  of  equations  (4)  and  (5)  the 
numbers  in  Table  II  lead  to  the  following  results  for  the 
coefficient  of  flexure : 

h'  a' 

Horizontal  Comp.            +0.81  —.02 

Vertical  Comp.                 +0.80  +.03 

Adopted  mean                 +0.80  .00 

The  discrepancies  of  the  observed  values  from  the  form- 
ula are  shown  in  Table  II  under  the  column  C  — 0.  They 
are  surprisingly  small,  but  they  show  slight  indications  of 
a  systematic  character  at  certain  points.  This  naturally 
results  from  the  slightly  differing  values  of  b'  and  a'  result- 
ing from  the  horizontal  and  vertical  series  separately. 
These  may  easily  originate  in  the  local,  systematic,  differ- 


ences between 


AW+BE 


and 


AE+BW 


which,  under  any 

hypothesis,  should,  theoretically,  be  the  same.  In  fact,  of 
the  48  computed  values  of  the  flexure,  30  fall  between  the 
corresponding  observed  values  that  make  up  the  means,  (J 
are  identical  with  one  of  them,  and  only  12  are  outside  both 
values.  Comparison  in  pairs  of  the  separate  observed 
values  of  $  in  Tables  I  and  II  indicate  that  the  probable 
error  of  an  observed  mean  in  Table  II  should  be  ±0".022. 
From  C  — O  in  Table  II  we  have  for  this  probable  error, 
±0".020,  (=  ±0'.0013).  Thus  the  representation  of  the 
observations  by  the  theoretical  formula  for  flexure  is  slightly 
better  than  is  required.  This  degree  of  agreement  sti-ongly 
confirms  the  hypothesis  involved  in  formulas  (4)  and  (5). 
It  points  to  a  very  homogeneous  and  flawless  construction 
of  the  axis  in  all  its  parts;  and  renders  it  probable  that 
the  flexure  of  the  two  ends  of  the  axis  is  sensibly  the 
same.  When  the  telescope  is  pointed  to  the  zenith  the 
plane  in  which  the  flexure  takes  place  is  inclined  only 
8'  34"  to  the  prime-vertical  plane.  The  probable  uncer- 
tainty of  this  angle  is  decidedly  greater  than  its  value ; 
so  that  it  may  be  said  that  the  maxima  of  flexure  are  found 
when  the  telescope  points  either  to  the  zenith  or  to  the 
nadir.  The  most  plausible  explanation  of  this  fact  seems 
to  be  that  the  flexure  takes  place  in  the  cube,  and  that  the 
line  of  least  resistance  is  determined  by  the  perforations 
of  GO  mm.  in  diameter  through  the  cube  at  right  angles  to 
the  line  of  collimation  of  the  circle-telescope.  The  two 
halves  of  the  telescope  are  provided  with  very  strong 
flanges  that  are  firmly  bolted  to  the  cube.  The  rigidity  of 
the  axis  may  thus  be  much  greater  in  a  direction  perpen- 
dicular to  the  plane  passing  through  the  line  of  collimation 
and  the  axis  of  rotation  than  it  is  in  the  Hexure-plane  as 
found  by  these  observations. 

That  the  flexure,  or  buckling,  occurs  between  the  hangers 
of  the  counterpoise  supports,  rather  than  in  the  pivots,  is 
shown  by  supplementary  tests  for  the  elucidation  of  this 
point.     The  adoi)ted  weight,  nurmally  resting  upon  eadi 


of  the  pivots  of  the  Olcott  Circle,  is  29  pounds.  This  was 
the  adjustment  during  investigation  of  the  pivots.  In  the 
supplementary  investigation  this  weight  was  made  alter- 
nately, 12  and  50  pounds.  A  single  series  of  measurements 
for  A  (Fand  BE  showed  an  increase  of  flexure  of  C'.ll  ± 
0".03  for  an  increase  of  pressure  on  each  pivot  from  12  to 
50  pounds.     We  have  the  following  results  : 

12  pounds  F  =  0.77 

29  pounds  0.80 

50  pounds  0.88 

The  increase  of  weight  upon  the  pivots  increases  the  nio- 
ment  of  inertia  tending  to  produce  flexure  of  the  axis.  The 
indications  are  that  with  no  resultant  weight  on  the  pivots 
the  value  of  F  would  still  be  fully  ()".70.  The  distance 
between  the  counterpoise  hangers  is  about  70  cm.  and  be- 
tween the  pivot  bearings  99  cm. 

If  it  were  still  considered  desirable  to  investigate  for 
difference  of  flexure,  2k,  between  the  two  ends  of  the  axis, 
we  may  consider  the  differences  AW— BE  and  AE—BW 
to  be  equal  to  2/)+2/c',  k'  being  computed  from  k.  We 
might  then  consider  the  values  of  p  (Table  II)  as  contain- 
ing an  element  expressed  by  the  formula: 

a'k 

-jj  cos  2^  +  /:  sin  2^    for  horizontal  component 

k  cos  2^ j^  sin  2^    for  vertical  component 

Applying  these  formulas  we  have,  k  =  — 0".06;  — O'.ll 
from  the  horizontal  component,  and  — 0".00  from  the 
vertical  component.  The  discordance  between  the  results 
from  the  two  components  is  noticeable,  and  may  be  attrib- 
uted chiefly  to  the  probability  that  there  is  a  small  relative 
ellipticity  of  the  two  pivots  which,  in  the  case  of  rectangu- 
lar Y's  would  affect  onlj^  the  horizontal  component.  We 
shall  assume  that  the  flexure  for  the  two  ends  of  the  axis 
are  sensibly  alike.  The  column  headed  p  in  Table  I  would, 
accordingly,  represent  the  observed  effects  due  to  deviation 
of  one,  or  both,  of  the  pivots  from  an  absolutely  circular 
section.  Furthermore,  consulting  the  values  of  p'  and  y<" 
in  Table  II,  it  becomes  evident  that  sensibly  correct  values 
of  the  collimation  can  be  obtained  through  reversal  on  the 
collimators,  or  on  the  nadir.  Therefore  the  inclusion  in  /> 
of  some  small  effect  of  difference  of  flexure  in  the  two  ends 
of  the  axis  would  have  no  sensible  effect  upon  the  deduced 
right-ascensions  of  stars,  provided  the  polar  deviation  is 
derived  separately  for  each  position  of  the  instrument  ac- 
cording to  the  usual  custom. 

To  preclude  misapprehension,  it  may  be  well  to  observe 
that  axial  flexure,  of  conceivable  amount,  does  not  sensibly 
affect  the  position  of  the  virtual  axis  of  rotation.  Its  only 
effect  is  to  alter  the  vertical  section  of  the  pivot  to  an 
ellipse  with  axis  having  in  the  maxima  tlie  ratio,  cos2F. 

Adopting  the  value  of  flexure  already  found,  we  may 
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derive  values  of  //  and  //'  for  each  of  the  four  series  ex- 
hibited in  Table  I,  —  a  procedure  which  will  better  enable 
us  to  understand  what  degree  of  confidence  attaches  to  the 


final  result  and  to  any  attempted  formulation  of  it.  These 
are  found  in  Table  III,  which  is  formed  from  the  expres- 
sions :     <I>^  — /,  and  /—  ^^  • 


TABLE  III.     Ini)ivii)uai>  anu  Mean  Vai.uks  o 
Ildri/.diUal  Coiiiponent 
HE  AF:  lilV        iMeanj)'       C— O 


(1 

+  .10 

+  .08 

-.06 

+  .03 

+  .04 

.00 

ir. 

+  .01 

-.00 

-.12 

+  .07 

-  .o;: 

+  .01 

;5o 

-.07 

-.10 

-.20 

+  .03 

-.09 

+  .02 

45 

.00 

-.21 

-.16 

-.10 

-.12 

+  .01 

60 

-.11 

-.14 

-.06 

-.11 

-.11 

.00 

75 

-^13 

-.14 

—  .06 

-  .09 

-.10 

+  .01 

90 

-.07 

-.05 

+  .10 

-.03 

-.01 

-.03 

10.5 

+  .02 

+  .02 

+  .03 

-.01 

+  .02 

•     .00 

IL'O 

+  .04 

+  .13 

+  .15 

+  .03 

+  .09 

-.02 

13.5 

+  .09 

+  .16 

+  .08 

+  .03 

+  .09 

+  .02 

150 

+  .06 

+  .19 

+  .07 

+  .10 

+  .10 

+  .01 

165 

+  .09 

+  .05 

+  .03 

+  .06 

+  .06 

+  .03 

180 

+  .04 

+  .06 

-.03 

+  .10 

+  .04 

.00 

195 

+  .05 

-.03 

-.07 

+  .04 

.00 

-.02 

210 

—  .07 

-.09 

-  .07 

-.04 

-.07 

.00 

225 

-.05 

-.14 

-.09 

-.09 

-.09 

-.02 

240 

—  .07 

-.13 

-.10 

-.08 

-.10 

-.01 

255 

-.08 

-.16 

-  .(t3 

-.10 

-  .09 

.00 

270 

-  .02" 

-.05 

-.04 

—  .03 

-.04 

.00 

285 

-.03 

+  .01 

+  .01 

—  .05 

-.01 

+  .03 

300 

+  .01 

+  .04 

+  .14 

+  .04 

+  .06 

+  .01 

315 

+  .03 

+  .21 

+  .14 

+  .12 

+  .12 

-.01 

330 

+  .07 

+  .21 

+  .18 

+  .07 

+  .13 

—  .02 

345 

+  .11 

+  .i:; 

+  .12 

+  .02 

+  .09 

.00 

Vai.uks  ok  /; 

AND    p" 

Vertical 

Component 

.1  w 

BE 

AE 

n\v 

Mean  p' 

c— 0 

—  .07 

+"ol 

-'.04 

+"06 

-"01 

+  '01 

+  .09 

+  .02 

-.06 

+  .20 

+  .06 

-.04 

+  .10 

.00 

+  .07 

+  .11 

+  .07 

-.03 

+  .04 

-.01 

+  .08 

+  .16 

+  .07 

-.02 

—  .02 

-  .02 

+  .03 

+  .07 

+  .02 

+  .03 

-  .09 

—  .02 

+  .03 

—  .02 

-.02 

+  .05 

+  .01 

+  .02 

+  .02 

+  .06 

+  .03 

—  .03 

-.0;; 

+  .07 

-.06 

-.08 

-.03 

+  .01 

+  .02 

+  .06 

—  .02 

-.18 

-.03 

-.01 

-.04 

.00 

-.04 

-.13 

-.05 

.00 

+  .05 

-.04 

-.01 

-.06 

-.02 

-.03 

+  .08 

-.10 

-.04 

-.03 

-.02 

-.01 

-  .01 

-.02 

.00 

+  .03 

.00 

.00 

+  .01 

-.05 

-.01 

+  .04 

.00 

+  .02 

-.12 

+  .05 

-.03 

+  .07 

-.01 

+  .05 

-.06 

+  .05 

+  .01 

+  .06 

+  .02 

+  .03 

-.01 

+  .08 

+  .03 

+  .15 

+  .06 

-.01 

+  .08 

+  .01 

+  .06 

+  .12 

+  .07 

-.04 

+  .09 

+  .04 

+  .03 

+  .09 

+  .06 

-.06 

+  .10 

-.03 

+  .02 

-.07 

.00 

-.02 

-.08 

-.05 

.00 

-.11 

-.06 

+  .02 

-.01 

-.04 

-.02 

-.25 

-.08 

+  .03 

—  .09 

-.06 

-.09 

-.16 

-.10 

+  .05 

—  .Oli 

+  .07 

-.07 

-.12 

-.04 

+  .01 

Inspection  of  the  individual  values  of  p'  and  p"  in 
Table  III  shows  at  once  that,  minute  as  these  quantities 
are,  sensible  systematic  differences  between  the  series  are 
to  be  recognized.  This  is  particularly  true  of  jf,  and  it 
tempts  one  to  the  conclusion  that,  with  the  exception  of 
two  or  three  spots,  ;/'  =  0  might  be  the  safest  deduction. 
Daring  the  observations  much  difficulty  was  experienced 
with  the  sub-series  for  the  vertical  component  of  B  W,  when 
the  temperatures  were  not  only  low,  as  a  rule,  but  also 
varied  more  rapidly  than  in  the  others ;  and  this  is  pre- 
cisely the  series  which  shows  the  largest  systematic  dis- 
cordance from  the  others.  Nevertheless,  it  was  thought 
best  to  attempt  a  representation  of  both  p'  and  7/'  by 
formulas  involving  sin  2^  and  cos  2t,.     We  have  : 


(6) 


p'  =   -0.11  sin  2^  +  .04  cos  2^ 
//"  =  +0.05  sin  2^  -  .00  cos  2^ 

The  representation  of  observed  p'  by  the  above  formula 
for/)'  seems  to  be  extremely  satisfactory.  With  rectangu- 
lar F's  this  would  mean  that  there  is  a  slight  relative 
ellipticity  between  the  two  pivots,  and  that  other  irregu- 
larities  are    practically   insensible.     It    would,    therefore. 


also  mean  that  jj"  should  be  practically  insensible.  The 
F-bearings  do  not,  however,  present  a  rectangular  support. 
The  virtual  angle  is  approximately  77°  ;  and  the  bearings 
of  soft  brass,  somewhat  worn,  extend  on  each  side  of  the 
pivot  from  about  46°  to  57°  of  nadir-distance.  The  con- 
ditions are,  therefore,  sensibly  different  from  that  of  rec- 
tangular supports,  and  pivots  bearing  along  lines  of  no 
material  breadth.  Accordingly,  after  inspection  of  the 
observed  values  of  /<",  it  was  decided  that  they  would 
more  safely  be  represented  by  the  formula  (6)  fory.  The 
residuals  for  />",  thus  represented,  are  much  larger  than 
for  ;/;';  but  it  is  noticeable  that  the  rejection  of  only  a 
single  one  of  the  four  individual  values  which  make  up 
observed  p"  would  reduce  every  one  of  the  six  larger  values 
of  C  — 0  materially,  so  that  in  the  mean  they  would  be 
very  slightly  more  than  half  as  large  as  now.  From  com- 
parison with  the  adopted  representation  the  probable  error 
of  each  observed  jt'  is  ±0".011,  and  of  each  observed  p" . 
±0".021.  The  latter  corresponds  to  the  predicted  probable 
error,  ±0".022,  previously  stated;  while  the  former  is 
much  less.  This  unexpectedly  close  correspondence  of  the 
observed  and  computed  values  of  p'  must  be  attributed 
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partly  to  accident,  and  partly  to  the  fact  that  the  syste- 
matic discordances  of  the  individual  series  which  contribute 
materially  to  the  deduction  of  probable  errors  for  them  are 
partially  eliminated  in  the  means. 

It  remains  to  show  the  effects,  P,  of  observed  and  com- 
puted/*' and  />"  upon  the  line  of  collimation  of  the  circle- 
telescope  during  rotation  about  the  axis.  These  are  given 
in  Table  IV.  Under  the  column  marked  "Obs."  are  given 
the  values  of  P,  computed  from  the  formula,  p'  sin  1^+ p" 
cos^,  the  values  of  ;j'  and  yj"  being  taken  from  Table  III. 

TABLE  IV.  Observed  and  Computed  Corkections 
FOR  Collimation,  P,  arising  through  Deviations 
OF    THE    Material    Axis    from    the    Mean    Axis 

DURING    KoTATION    OF    THE    INSTRUMENT. 


f 


Obs. 


Comp. 


C— O 


0 

+  .001  sec  S 

.000  sec 

8  -.001 

15 

-f-.003 

+  .001 

-  .002 

30 

-l-.OOl 

+  .001 

.000 

45 

-  .002 

-.002 

.000 

60 

-.006 

-.004 

+  .002 

75 

-.007 

-.005 

+  .002 

90 

—  .001 

.000 

+  .001 

105 

+  .002 

+  .002 

.000 

120 

+  .006 

+  .005 

-.001 

135 

+  .007 

+  .007 

.000 

150 

+  .004 

+  .006 

+  .002 

165 

+  .002 

+  .003 

+  .001 

180 

.000 

.000 

.000 

195 

.000 

-.001 

-.001 

210 

+  .003 

-.001 

-.004 

225 

+  .003 

+  .002 

-.001 

240 

+  .004 

+  .004 

.000 

255 

+  .005 

+  .005 

.000 

270 

+  .003 

.000 

-.003 

285 

+  .001 

—  .002 

-.003 

300 

-.005 

-.005 

.000 

315 

-.009 

-.007 

+  .002 

330 

-.010 

-.006 

+  .004 

345 

-.004 

ON 

-.003 

THE    \ 

+  .001 

^ARIA 

Multiplying  the  first  of  Equations  (6)  by  sin  f,  and  the 
second  by  cosf,  and  adding  the  results,  we  obtain  the 
quantities  given  under  "Comp."  in  Table  IV.  This  column 
constitutes  a  table  of  corrections  of  transits  when  the  in- 
strument is  in  the  position,  clamp  W,  and  i,  represents 
south  zenith-distances.  For  convenience  the  quantities  in 
Table  IV  are  expressed  in  seconds  of  time. 

The  mirror-colliinator  method  of  investigating  the  pivots 
of  a  transit  seems  to  lie  under  certain  disadvantages  which 
have  been  pointed  out  in  the  foregoing.  Among  the  ad- 
vantages of  this  method  are  its  simplicity,  its  economj- 
of  expense  in  the  provision  of  apparatus,  facility  in  use,  its 
read}'  adaptation  to  instruments  not  specially  constructed 
■with  this  point  in  view,  its  great  precision  for  a  given  ex- 
penditure of  labor,  and  the  information  which  it  gives  of 
the  behavior  of  the  axis  under  the  stress  of  gravity.  The 
latter  point  is  not  ordinarily  investigated.  In  case  of  sus- 
pected asymmetry  of  buckling  the  question  of  its  existence 
can  be  determined  by  this  method;  and  by  a  suitable  com- 
bination of  collimations  bj-  reversal  on  collimators,  nadir, 
and  polar  stars,  with  comparison  of  transits.  W—E,  the 
eifects  of  such  buckling  can  be  analyzed  and  referred  to 
their  original  elements. 

It  may  be  pointed  out  that  in  all  methods  which  involve 
the  microscopic  observation  of  a  mark  at  the  center  of  the 
end  of  the  pivot  a  slight  effect  of  a  flexure  of  the  axis  may 
be  present.  The  amount  of  this  effect  would  be  determined 
by  the  relative  projection  of  the  end  of  the  pivot  bevond 
the  points  of  support.  In  all  ordinary  cases  this  effect 
would  obviously  be  very  minute. 

The  axis-collimator  method  under  ordinarj*  conditions 
would  afford  no  information  as  to  the  amount  of  flexure  of 
the  axis,  or  as  to  the  symmetry  of  that  flexure.  For  the 
investigation  of  error  of  pivots  alone  that  metliod  would 
seem  to  be  superior  to  all  others.  But  it  requires  the  use 
of  a  comparatively  large  objective  in  the  axis  (scarcely  less 
than  50  mm.)  and,  consequently,  very  large  pivots,  —  per- 
haps larger  than  would  ordinarily  be  preferred. 


Hv  PAUL  S. 
The  variability  of  tliis  star  was  announced  in  No.  569  of 
this  Journal,  by  Mr.  Bare. 

I  began  the  examination  of  the  star  late  in  November  of 
1904,  and  up  to  1905  Jan.  26,  have  observed  it  on  sixteen 
dates,  the  observations  numbering  one  hundred  and  fifteen. 
The  comparison-stars  used   and  the   provisional    light- 
scale  resulting  from  my  observations  are, 

DM.  Mag.       Light        Mag. 

d  =  63°  99  5.8  7.4  5.80 
o  =  63  149  6.0  4.1  6.00 
c  =  65  115         6.0         0.0         6.25 


OF   F.  32  CASSIOPEAE, 

YEXDKLL. 

The  value  of  a  step  is  nearly  (i".06. 

The  period  deduced  from  lay  observed  phases  nt  (de- 
creasing) is  7*'  5>S"'.l,  a  quantity  so  nearly  commensurate 
with  the  sidereal  day  that  I  was  long  very  suspicious  as  to 
the  reality  of  the  changes  observed  by  myself. 

A  provisional  mean  light-curve  has  been  formed  from 
the  observations,  which  cover  the  star's  entire  period. 
The  readings  therefrom  are  as  follows.  The  T—t  are 
dated  from  the  time  of  passing  the  phase  vo  on  the  de- 
crease. The  readings  are  step-values  from  the  above  light- 
scale. 
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T—t 

St. 

T—t 

St. 

li       ni 

li       in 

0       0 

4.1 

4       0 

5.2 

20 

3.3 

20 

6.1 

40 

2.(; 

40 

6.5 

1      0 

2.1 

5     0 

6.8 

20 

1.7 

20 

(!.<) 

40 

1.-) 

40 

6.0 

2     0 

1.5 

(5     0 

6.9 

20 

1.7 

20 

6.8 

40 

2.1 

40 

6.6 

3     (» 

2.6 

7     0 

6.3 

20 

3.3 

20 

5.8 

40 

4.1 

40 

5.0 

58 

4.1 

From  these  readings  it  appears  that  the  star's  light- 
curve  does  not  differ  in  cliaracter  from  those  of  tli?  ordi- 
nary stars  of  short  period.  The  increase  is  slightly  quicker 
than  the  decrease.  There  seems  to  be  no  lialt  either  at 
maximum  or  minimum.  The  minimum  phase  occurs  l""  50™ 
after  the  phase  ra  from  which  the  readings  are  dated,  and 
the  maximum  at  5*"  45'"  from  that  point,  so  that  the  inter- 
val from  minimum  to  maximum  is  3''  55"'.  It  seems  likely 
that  it  will  prove,  upon  the  accumulation  of  sufficient 
material,  that  the  light-curve  is  sensibly  sj'mmetrical. 

The  changes  remarked  in  the  period  and  light-curve  by 
Mr.  Bakr  I  have  not  observed.  The  star  seems  to  me  on 
the  contrary  to  be  verj^  regular,  like  most  of  the  stars  of 
its  type,  and  resembles  U  Peijasi  in  general  character  more 
closely  than  any  other.  The  probable  errors  of  the  nor- 
DorcheHer,  1905  Jan.  28. 


mals  for  the  above  curve  are  small,  consideriDg  the  few 
observations  from  which  they  are  formed,  and  the  mean 
departure  of  the  curve  from  these  normals  is  very  small. 

The  light-range  observed  is  from  1.9  to  7.1  of  the  above 
light-scale,  from  5". 8  to  6". 2,  very  nearly  four-tenths  of  a 
magnitude.  This  range  is  somewhat  masked  in  tlje  mean 
curve. 

The  observed  phases  are  as  follows,  the  phase  ru  being 
always  on  the  decreasing  branch  of  the  curve. 

Bv   THE    Me.\X    C'l"KVK 


Maxima 

r« 

Minima 

Local  M.T. 
1904  Dec.  29,  7* 

Obs. 

Local  .M.T. 

Local  M.T. 

56 

2 

30,  7 

45 

5 

1905  Jan.     1, 

10      3      2  obs. 

11  :',(-,    4 

7 

9  32     1 

14. 

8  43     1 

11    15      1 

23, 

8  20     2 

10  30     2 

26, 

8     0     2 

By  THE 

Sl.NCil.K    CUItVE 

Maximuii 

I 

Minimum 

Local  .M. 

r. 

w 

Local  M.T. 

1904  Dec.  28  8" 

13" 

1     2 

1905  J 

an.  26  9"  41" 

As  the  phases  occur  a  trifle  earlier  on  each  succeeding 
evening,  and  the  star  is  observable  all  the  year  round,  it  is 
hoped  that  enough  observations  of  minima  and  maxima 
will  be  secured  within  a  reasonable  time  to  enable  us  to 
get  more  exact  elements. 


ELLIPTIC   ELEMENTS   OF   COMET  e  1904  (bohrellt). 


The  following  elliptic  elements,  computed  by  Aitken  of 
the  Lick  Observatory,  have  been  received  through  Mr. 
Ritchie. 

T  =   1905  Jan.  16.53 


=  352  10  ) 

=     76  35  ^Eq.  1905.0 


(•  =     30  36 


'i   =   1.3994 
e   =   0.6282 

Period  7.30  j-ears. 

The  computation  was  based  on  observations  taken  on 
1905  Jan.  0,  Jan.  17,  and  Jan.  27. 


OBSERVATIONS,  ELEMENTS  AND  EPHEMERIS  OF  COMET  a  1905  (GiAcomNi). 


Additional    observations  to   those   printed   in   Xo. 
p.  156,  are, 

lOO.T  a  8 


Mar.  28  7  48  8  Wash.  M.T. 
30'>.7185     Gr.  M.T. 


52     0.24 
59  59.5 


+  13  39  30.1 
+  16  19  11 


The  first  was  made  at  Naval  Observatorj-,  the  second  at 
Lick  Observatory  by  Aitken. 

Elements  and  ephemeris  computed  by  Morgan  and 
Lamson  of  the  Naval  Observatory,  from  Eitchie'.s  Circu- 
lar, follow : 


T  =   1905  April  3.57  Greenwich  M.T. 
Eq.  1905.0 


(D  =  357  13 

J2  =  154     8 

(■  =     42  59 

q  =  1.1507  ■ 

Ephemeris  fok  Greenwich  Midnight. 

IflOJ  App.  a  App.  S      Brightness 

April     1         6     6     4  +18°  14  1.00 


0.88 


5 

21  28 

22  45 

9 

37  56 

27     2 

13 

6  55  52 

+  31     0 
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DEFINITIVE   ORBIT 

Uv  HENRY 

The  Comet  190.3  III  was  discovered  by  Grigg,  at  I 
Thames,  New  Zealand,  April  17,  in  right-ascension  3^  7"", 
and  declination  —21°  6'.  It  was  ten  days  later  that  the 
news  reached  Tebbutt,  at  Windsor,  N.S.W.  He  immedi- 
ately began  a  series  of  square-bar  micrometer  observations 
on  the  eight-inch  equatorial,  which  continued  for  a  month. 
The  observations  for  the  first  few  days  were  good.  Later 
they  were  interfered  with,  and  interrupted  by  moonlight 
and  cloudy  weather.  May  4,  W.  H.  Cox,  at  the  Cape,  be- 
gan to  observe  the  comet  with  the  seven-inch  telescope. 
The  comet  by  this  time  was  an  extremely  faint,  nebulous 
mass,  with  no  visible  nucleus.  After  May  21  the  comet 
was  barely  visible  in  the  instrument  used,  and  the  obser- 
vations were  rough.  These  two  series  are  the  only  ones 
that  have  fallen  under  my  notice. 

No  attempt  has  ever  been  made  to  determine  the  orbit 
aside  from  that  of  Kreutz  and  Ebell  in  A.N.  3867.  These 
elements  are  the  usual  ones  founded  on  the  earliest  tele- 
graphic dispatches,  and  are  not  of  sufficient  accuracy  to 
form  a  basis  for  the  reduction  of  the  observations.  It  was 
therefore  first  necessary  to  form  new  elements.  In  this 
work  it  was  discovered  that  the  definitive  elements  would 
be  uncertain  to  a  considerable  extent,  and  that  many  of  the 
refinements  often  used  in  work  of  this  character  would 
be  a  useless  waste  of  time. 

The  elements  used  as  a  basis  of  the  work  are 

T  =   March  25.42450  Gv.  ]\r,T. 

<«  =   184°  48' 53') 

S^  =  213     7  .34  [  100;?.(i 

/  =     66  29  .32  ) 

log  7  =   9.697270 

to  which  correspond  the  e(piatorial  coordinates 

.r  =  (9.9.37203) /•  .sin  (1(»9  24  ]4.5-|-c) 
>/  =  (9.923205);'  sin  (  41  33  49.8  +  c) 
«  =   (9.869790))-  sin  (167  44  44.1 +f) 

From  these  elements  is  derived  llie  following  ephemeris: 


NO.  21 


OF  COMET  1903 

III, 

A.  PECK. 

Abb.  time 

h  ^^'.?'  ? 

App.  & 

log  A 

in  days 

April  26 

3"  58""  8^36 

-16°  0'  9*3 

0.1392 

0.00794 

27 

4  ■  3  52.38 

27  32.0 

28 

9  36.28 

54  5.6 

.1406 

796 

29 

15  19.94 

17  19  50.1 

30 

21  3.23 

44  45.4 

.1426 

800 

May   1 

26  46.01 

18  8  51.3 

2 

32  28.16 

32  7.9 

.1451 

805 

3 

38  9.54 

54  35.6 

4 

43  50.01 

19  16  14.9 

.1481 

810 

5 

49  29.43 

37  6.0 

6 

55  7.68 

57  9.3 

.1515 

817 

7 

5  0  44.60 

20  16  25.1 

8 

6  20.04 

.34  54.1 

.15.54 

824 

9 

11  53.85 

52  36.8 

1(1 

17  25.91 

21  9  .34.1 

.1598 

832 

11 

22  56.07 

25  46.5 

IL' 
1.3 

28  24.18 
33  50.13 

41  14.9 

r>i\    0.0 

.1647 

842 

14 

39  13.80 

22  10  3.0 

.1700 

8.52 

15 

44  35.06 

23  24.8 

If, 

49  .53.79 

36  6.7 

.17.56 

863 

17 

55  9.S9 

48  9.6 

18 

6  0  23.25 

59  34. S 

.1817 

875 

19 

5  3.3.77 

23  10  23.4 

20 

iO  41.34 

20  36  8 

.1881 

8v88 

21 

15  45.84 

3(1  16.0 

22 

20  47.37 

.■!9  22.7 

.1947 

902 

2.'! 

25  45.72 

47  5,S,1 

21 

30  40.S(i 

56  3.3 

.2016 

916 

25 

35  32.71 

24  3  39.5 

26 

40  21.27 

10  47.9 

.2088 

932 

27 

45  6.47 

17  29.6 

2S 

49  48.29 

23  46.1 

.2162 

94  S 

29 

54  26.69 

29  38.9 

30 

6  59  1.62 

-24  35  9.8 

0.2238 

0.0.09(?4 

In  making  a  preliminary  computation  of  the  orbit,  tlie 
star  places  were  followed  .is  they  liatl  been  originally  pub- 
lished with  tlie  observations.  It  was  intended  to  correct 
them  later,  but  as  many  of  the  catalogs  were  not  iu  uiy 
library,  and  it  was  seen  that  only  an  approximate  orbit 
could  be  arriveil  at.  it  was  not  deemed  worth  tlie  effort  and 
expense  to  make  the  necessary  correctiiMis.  The  places 
used  are  as  follows  : 
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No. 

a  1903.0 

8  1903.0 

Authorities 

No. 

a  1903.0 

8  1903.0 

Authorities 

1 

h       I 

4     2 

33.45 

-16 

14 

53.2 

Lal.7700;  A.G.W.Z.  150,141 

15 

<;"  H 

51.99     - 

-23° 14 

1.6 

Eq.  (liff.  from  No.  16 

2 

11 

3.12 

41 

16.4 

C.G.C.  47.S6;   Rad.a  1013 

16 

9 

39.45 

19 

17.9 

C.G.C. 74S6 

3 

19 

15.09 

17 

46 

26.0 

AOk3037;  A. G. W.  Z.  81,106 

17 

16 

33.80 

35 

31.0 

Y.8  2675;  C.G.C.  7676 

4 

29 

35.93 

18 

23 

7.7 

Rad.s  lOOO 

18 

18 

22.51 

32 

36.1 

C.G.C.  7721 

5 

33 

26.68 

31 

24.0 

Lai.  8773 

19 

26 

23.54 

24     4 

35.5 

AOk  5202;  C.G.C.  7045 

6 

46 

16.00 

19 

13 

24.7 

A\V\.  2852  ;  Cine.  Z.  696 

20 

29 

15.00 

23  40 

44.3 

AOk  5278;  C.G.C.  8026 

7 

5  12 

21.76 

21 

12 

26.9 

Cine.  Z.  760                      [1312 

21 

30 

21.34 

47 

55.3 

Si.xcp.with  No.20  [Ha(i..,1642 

8 

23 

28.49 

27 

28.2 

C.G.C.6321;  Cinc.Z.  797;  R.j 

22 

32 

4.22 

24     2 

21.0 

AOe  6343-4;  C.G.C.  8089: 

9 

26 

48.911 

39 

0.5 

Cine.  Z.  806 

23 

38 

6^13 

8 

50.4 

C.G.C. 8276 

10 

28 

4.S.4(l 

49 

13.9 

Cine.  Z.  815 

24 

42 

36.54 

2 

22.7 

AOk  6664;  C.G.C.  8403 

11 

36 

26.;!  1 

22 

12 

29.0 

Cine.  Z.  842 

25 

51 

32.46 

15 

32.8 

C.G.C.  8663          [Rad.8  1738 

12 

52 

9.71 

51 

16.7 

C.G.C. 7004 

26 

6  53 

33.82     - 

-24  30 

16.5 

C.G.C.  8724;  Stone  3314; 

13 

57 

41.95 

45 

46.4 

Eo.  (liff.  from  No.  12      ri511 

14 

6     2 

29..38 

-23 

5 

-..  ,   1  Gr.l0-yr.l041;Stone2794;R.8 
''''    t  Capeco  2794;  Capess  409 

The  only  two  series  of  observations  that  have  fallen  under 
my  notice  are  found  in  A.N.,  Band  163,  and  are  as  follows : 

App.  a 


App.  8 


J8 


April  26.S.";372 

Windsor 

4     3     1.62 

+0.35 

-16 

23  26.1 

-3.0 

-0.10 

+   5.6 

1 

27.8.";494 

Windsor 

8  45.63 

.36 

50  10.4 

2.9 

0.41 

4.2 

2 

29..S.5626 

Windsor 

20  12.43 

.36 

17 

41     3.2 

2.9 

1.12 

7.3 

3 

May      1.84394 

Windsor 

31  32.89 

.34 

18 

28  25.-6 

2.7 

1.58 

4.9 

4 

1.84394 

Windsor 

33.24 

.34 

16.3 

2.7 

(1.23) 

(14.2) 

5 

4.24218 

Cape 

45     9.97 

.36 

19 

21  13.9 

2.9 

1.98 

5.5 

6 

9.85773 

Windsor 

5  16  37.33 

.34 

21 

7     3.3 

2.5 

1.11 

6.3 

7 

11.21755 

Cape 

24     4.88 

.33 

2.42 

8 

11.23470 

Cape 

'29  18.2 

2.6 

7.5 

8 

11.85718 

Windsor 

27  36.75 

.34 

38  59.2 

2.4 

0.36 

3.3 

8 

11.85718 

Windsor 

36.84 

.34 

53.5 

2.4 

0.29 

9.0 

9 

12.23743 

Cape 

29  40.39 

.35 

1.03 

10 

12.24385 

Cape 

44  59.1 

2.7 

.    , 

2.4 

10 

12.85374 

Windsor 

33     1.18 

^33 

53  41.9 

2.4 

1.08 

8.9 

10 

13.85833 

Windsor 

38  25.89 

.34 

22 

8     2.8 

2.4 

1.85 

0.8 

11 

17.23867 

Cape 

56  22.61 

.34 

50  53.7 

2.4 

1.95 

0.6 

13 

17.86302 

Windsor 

59  39.64 

.33 

57  48.8 

2.3 

0.51 

+  12.0 

14 

18.22410 

Cape 

6     1  31.36 

.32 

23 

2     5.3 

2.2 

1.41 

-   4.4 

14 

18.85975 

Windsor 

4  49.21 

.32 

8  39.5 

2.2 

0.86 

+  12.9 

14 

19.21904 

Cape 

6  40.42 

.31 

12  22.8 

2.1 

0.67 

5.8 

15 

20.22521 

Cape 

11  48.38 

.32 

22  43.8 

2.2 

1.49 

4.1 

16 

21.23737 

Cape 

16  56.94 

.32 

32  26.2 

2.3 

0.43 

0.1 

18 

21.86873 

Windsor 

20     7.38 

.32 

37  57.3 

2.2 

0.26 

13.2 

17 

22.86454 

Windsor 

25     4.81 

.31 

46  39.0 

2.1 

0.37 

9.0 

20 

22.86454 

Windsor 

5.03 

.31 

39.5 

2.1 

0.15 

+  8.5 

21 

23.87156 

Windsor 

30     2.94 

.32 

55     7.7 

2.2 

-0.17 

-   7.2 

19 

24.86453 

Windsor 

34  53.88 

.31 

"24 

2  34.9 

2.1 

+  0.83 

+   5.3 

22 

25.23149 

Cape 

36  38.22 

.31 

5  31.7 

2.3 

-1.27 

-12.9 

23 

25.88127 

Windsor 

39  48.36 

.32 

9  49.1 

2.2 

+  1.51 

+   7.1 

24 

26.20937 

Cape 

41  22.35 

.29 

12  16.5 

1.8 

1.38 

-   4.1 

24 

27.87860 

Windsor 

49  15.69 

.31 

23     0.1 

2.2 

+  1.75 

-  0.6 

26 

28.20861 

Cape 

6  50  45.97 

+0.28 

-24 

24  57.8 

-1.8 

-0.40 

+   2.0 

25 

After  rejecting  the  second  observation  on  ilay  1,  the 
others  were  given  equal  weight,  and  the  following  normal 
places  formed 


Aa  cos  8 

April  30.0       -14.°8 
May   12.0       -16.2 


j8 


+  5.5 
+  5.5 


May  19.0 
May  25.0 


-13.1 
+   4.8 


JS 


-5.5 
-0.8 
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The  ScHONFELD  equations  are 

+9M23r)k  -9.7329k^-dT  +8.39863A  +9.66713^  +9.3110'^  -9.8647  r>-/ +1.1703 

-8.7838            9.6495  9.1361    "  0.0130  +1.2(»95 

8.9412            9.5968  +8.7718  0.0619  +1.1173 

-8.9814            9.5284  -8.3274  0.0874  -0.6812 

+  8.4251            9.6936  9.3673  +9.7715  -0.7404 

-8.9289            9.7946  9.4241  9.7184  -0.7404 

9.1755            9.8311  9.4537  9.6448  -0.7404 

-9.3048            9.8518  -9.4831  +9.5565  -9.9031 

In  a  direct  solution  of  the  equations  of  condition  the 
coefficients  of  both  —  and  dg  practicallj'  vanish.  As  to 
the  latter  quantity  it  will  be  seen  tliat  its  coefficients  are 


9.7262 

9.7051 

9.7948 

9.6754 

+  9.8389 

-9.6428 

-9.4727 

+  9.7034 

9.4093 

9.5797 

9.3291 

9.4939 

-9.2271 

+  9.4146 

very  nearly  a  multiple  of  those  of  dk.  In  an  attempt  to 
ascertain  how  much  uncertainty  must  attach  itself  to  the 
final  elements,  the  first  four  quantities  were  made  functions 
of  the  remaining  two  in  the  normals  as  follows : 


+  0.1789  f>Z;  -0.1534 /^V79^  -8.8002  r?\  +9.4990  9^ 
-0.1534         +0.1850  -8.2355         +8.8407 

-8.8062         -8.2355  +8.9643         -9.5647 

+  9.4990         +8.8407  -9.5047         +0.3583 


From  these  are  derived  the  following : 

9A; -9.9745  A; Vr^^  -8.0273  r7 A. 

k^raT  -9.6143  9\ 

9k 


+  9.6222^  -0.4538  .>?  +1.3560   =   0 

-9.7671    '    +0.4362  -1.4331 

+  9.0565        +8.9799  +7.9031 

-9.7136        -9.6950  +0.8586 


-0.2749  3?   +1.1771    =  0 


The  solution  of  this  system  of  equations  results  in 

dk  =    +29.6     +0.240  |-^  +1.662% 

k^:dT  =    +45.6     +0.594        -0.237 

■  dk  =    -15.1     -0.724        +0.146 

3v  =    -11.1      +0.050        +0.018 

As  care  was  taken  to  control    the   coefficients    of   the 

original  equations  by  arbitrary  variations  of  the  elements, 

we  may  substitute  these  values  and  obtain  the  following 

system,  the  coefficients  being  expressed   in  units   of  the 

third  decimal  place. 


9.32019,/  +9.4433- 

0.28919V  -0.0029|^  +9.417999  -1.4808 

0.5474  9V  +9.96942?  -8.91709?  -1.3793 

9v  -8.7713^  -8.25199?  +1.0446 

From  this  it  is  evident  that  dq  can  hardly  be  known 
within  a  minute  of  arc.  Adopting  +2S3"±  60"  as  the 
best  value,  the  remaining  unknown  quantities  are 


9e 


+  15  r 

>7 

-20^^ 

-4.6 

-26 

+  33 

+4.8 

-11 

-14 

+  6.9 

+  20 

-28 

-6.7 

-10 

+  6 

+  2.9 

+  5 

-  3 

-1.4 

+  2 

o 

-2.8 

+  3 

_   2 

+  1.2 

=   0 


Any  value  of  -=-  that  might  be  found  could  only  be 
regarded  as  an  accident.  Therefore,  making  De  =  0  we 
have  9?  =  +283".  Making  the  substitution  in  the  above 
[yi'l  =  31  ".2.  If  now  successive  values  be  substituted  for 
f)</,  the  following  table  may  be  formed : 

99        [H 


+  50 

116.1 

100 

83.6 

150 

58.9 

200 

42.1 

250 

33.0 

300 

31.7 

350 

38.2 

400 

52.5 

-32.5 

24.7 

10.8 

9.1 

-   1.3 

+   6.5 

+  14.3 


+  7.8 
7.9 


7.8 

7.8 

+  7.8 


dk 

= 

+ 

>00  ±100 

k^: 

dT 

= 

- 

21  ± 

14 

9X 

= 

+ 

20  ± 

9 

9v 

= 

_ 

6  ± 

1 

Substituting  in  the  original  equations  the  residuals  are 


+  0.6 

-0.3 

+  2.9 

-0.3 

-3.0 

+  1.8 

+  1.1 

-1.0 

and  [vi']  =  27".7,  thus  proving  the  accuracy  of  the  numeri- 
cal work. 

Transforming  the  functions  into  the  corrections  of  the 
elements  we  have 

T  =   March  25.42031  ±  0.00279  G.M.T. 


ft  = 


184 

213 

66 


57     1  ±  1 
8     3  ± 
29  36  ± 


36) 

8  ^  19ii:^(> 
2  \ 


log  V   =  9.698466  ±  0002." 
Si/racuse  Unitersiti/,  KXU  V.r.i 
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MAXIMA   AND  ^FTNIMA   OF  LONG-PERIOD    VARIABLES, 

15v  ,1.  A.  I'ARKnUKST. 


The  following  summary  of  maxima  and  minima  of  loiig- 
l)eriod  variable  stars  is  offered,  pending  the  publication,  by 
the  Carnegie  Institution  of  complete  details  of  the  writer's 
photometric  work  on  a  selected  list  of  variable  star  fields. 
Provisional  determinations  of  part  of  the  following  data 
have  already  appeared  in  the  Astronomiral  Journal,  but 
the  results  here  given  were  obtained  by  a  new  reduction  of 
all  the  estimates  and  measures,  based  on  photometric  mag- 
nitudes of  ^he  comparison-stars.  The  observations  of  the 
variables  were  made  with  a  6-inch  reflector  and  the  12  and 
40-inch  refractors,  mostly  by  Argelandek's  method  ;  a 
few,  however,  are  photometer  measures.  The  magnitudes 
of  the  comparison-stars  were  measured  with  the  Pickering 
Equalizing  "Wedge  Photometer,  used  on  the  same  tele- 
scopes. These  magnitudes  are  based  on  at  least  three 
standard  stars  in  each  field  which  are  contained  in  both 
the  Harvard  and  Potsdam  catalogues.  The  differences 
between  the  two  systems  range,  for  these  fields,  from 
+0''.42  to  — 0''.27.  No  attempt  has  been  made  to  recon- 
cile the  two,  but  the  magnitudes  are  expressed  in  the 
Potsdam  system,  with  which  these  measures  accord  better 
than  with  the  Harvard.     The  comparison-stars,  down  to 


the  faintest  used,  were  carefully  identified  on  photographs 
taken  with  the  24-inch  reflector. 

The  table  requires  little  explanation.  The  letters  "mc  '' 
in  the  magnitude  column  indicate  that  the  time  of  maxi- 
mum or  minimum  was  found  by  the  aid  of  the  mean-curve, 
the  observations  being  too  few  to  fix  definitely  the  magni- 
tude. The  fifth  column  contains  the  corrections  to  the 
ephemeris  computed  from  the  present  set  of  observations. 

These  results  furnish  material  corrections  to  the  period 
of  two  variables,  viz.  : 

6894.     S  Lyme. 
Chandler's  revised  elements  in  A.J.  553  give  the  period 
as  218  days ;  my  observations  show  about  double,  or  438 
days ;  the  six  minima  falling  close  to  the  time  of  inter- 
mediate maxima  as  computed  from  the  shorter  period. 

7269.  SX  Cygni 
In  the  Vlertdjalirsschrift  for  1904,  p.  261,  Hartwk; 
uses  the  maxima  of  1899  Aug.  20  and  1904  Feb.  18,  and 
dividing  the  interval,  1642  days,  by  3,  finds  the  period  to 
be  548  days.  My  observations  show  that  the  divisor 
should  be  4,  giving  409  days. 


Maxima 

Minima                    1 

Date 

Mag. 

Corr. 

Weight 

Epoch 

Date 

Mag. 

Corr. 

Weight 

Epoch 

Calendar 

J.D. 

Calendar 

J.D. 

103 

.  T  A 

ndromei 

lae. 

50 

1894  Mar.  2 

2890 

mc 

+  13 

6 

51 

1894  July  26 

3036 

mc 

+  1 

2 

51 

Dec.  3 

3166 

8.57 

+  5 

24 

52 

1895  May  6 

3320 

mc 

+  1 

7 

52 

1895  Sept.  9 

3446 

8.66 

+  1 

28 

53 

1896  Feb.  14 

3604 

mc 

+  1 

6 

53 

1896  June  13 

3724 

mc 

-  5 

2 

54 

1896  Nov.  24 

3888 

12.98 

+  1 

15 

54 

1897  Mar.  21 

4005 

mc 

-  8 

3 

55 

1897  Aug.  16 

4153 

12.90 

-18 

17 

55 

Dec.  31 

4290 

8.38 

—  7 

13 

56 

1898  June  3 

4444 

mc 

-11 

1 

56 

1898  Oct.  18 

4581 

8.40 

0 

10 

57 

1899  Mar.  11 

4725 

13.0 

-14 

4 

57 

1899  July  22 

4858 

mc 

—  7 

4 

58 

Dec.  25 

5014 

12.98 

-  9 

20 

58 

1900  Apr.  29 

5139 

8.6 

-10 

7 

59 

1900  Sept.  28 

5291 

13.08 

-16 

10 

59 

1901  Feb.  2 

5417 

mc 

-10 

o 

62 

1903  Feb.  14 

6160 

13.3 

+  1 

1 

64 

1905  Jan.  14 

6860 

mc 

+  7 
267 

2 
.  V  A 

64 
ndi-ome 

1904  Sept.  6 
dae. 

6730 

mc 

+  3 

5 

1 

1897  July  26 

4132 

10.0 

0 

10 

1 

1897  Apr.  10 

4025 

mc 

+  4 

3 

2 

1898  Apr.  15 

4395 

8.99 

+  4 

12 

2 

Dec.  8 

4267 

mc 

-13 

4 

3 

Dec.  20 

4644 

9.39 

-  6 

20 

3 

1898  Sept.  1 

4534 

14.19 

—  5 

10 

4 

1899  Sept.  20 

4918 

9.69 

H-  9 

17 

4 

1899  May  10 

4785 

mc 

-13 

2 

5 

1900  May  17 

5157 

9.2 

-11 

8 

5 

1900  Feb.  5 

5056 

13.69 

-  1 

21 

6 

1901  Feb.  6 

5422 

9.6 

—  5 

1 

6 

Oct.  24 

5317 

13.96 

+  1 

5 

7 

Oct.  22 

5680 

9.3 

-  6 

1 

7 

1901  June  24 

5560 

mc 

-15 

1 

10 

1903  Dec.  1 

6450 

mc 

-13 

1 

8 

1902  Mar.  9 

5818 

13.9 

-16 

2 

11 

1904  Sept.  9 

6733 

10.39 

+  11 

6 

9 

Dec.  4 

6088 

14.3 

-  5 

2 

12 

1905  Jan.  11 

6857 

13.61 

-13 

4 

787 

.  W  . 

bidvome 

dae. 

0 

1899  Dec.  7 

4996 

7.83 

-  9 

27 

0 

1899  June  16 

4819 

13.4 

+  6 

20 

1 

1901  Jan.  15 

5400 

mc 

-  1 

1 

1 

1900  July  23 

5224 

13.77 

+  15 

9 

2 

1902  Feb.  28 

5809 

7.8 

+  12 

4 

o 

1901  Aug. 13 

5610 

me 

+  5 

1 

3 

1903  Mar.  16 

6190 

mc 

-  3 

1 

3 

1902  Aug.  31 

5993 

13.4 

-  8 

2 

4 

1904  Apr.  17 

6588 

mc 

-  1 

1 

4 

1903  Sept.  25 

6383 

13.4 

-14 

5 

5 

5 

1904  Nov.  15 

6800 

13.75 

+  7 

6 
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Epoch 


-1 
0 
1 

2 

3 

4 

5 

6 

7 

9 

10 

11 

12 


32 
33 
34 
37 
40 
41 
42 
44 


6 


Au<?. 

23 

4160 

Mar. 

15 

4364 

Sept 

28 

4561 

Apr. 

6 

4751 

Nov. 

1 

4960 

:May 

21 

5161 

Dec. 

6 

5360 

June 

29 

5565 

Jan. 

22 

5772 

Feb. 

24 

6170 

Sept 

22 

6380 

Apr. 

2 

6572 

Oct. 

18 

6772 

1898  Mar.  13 

1899  June  23 

1900  Nov.    2 

1902  Mar.  11 

1903  June  28 

1904  Oct.    16 


1897 
1898 

1899 

1900 

1901 
1902 
1903 

1904 


1897  Mar.  4 

1898  May  12 

1899  Julv  7 

1900  Sept.  29 

1901  Dec.  26 

1903  ^lar.  12 

1904  May  23 


1893  Oct.  26 

1894  Sept.  20 

1895  July  25 
1898  Apr.  16 

1900  Dec.  27 

1901  Nov.  1 

1902  Oct.  17 
1904  Julv  18 


1900  Oct. 

1901  Nov. 

1903  Jan. 

1904  Feb. 


1895  May  15 

1896  Nov.  16 

1898  May  5 

1899  Oct.   1 

1901  Mar.  16 

1902  Aug.  22 
1904  Jan.  20 


1898  Mar.  11 

1899  Apr.  8 

1900  June  9 

1901  Julv  24 

1902  Sept.  7 

1903  Oct.  10 

1904  Nov.  27 


4362 
4829 
5326 
5820 
6294 
6770 


3988 
4422 
4843 
5292 
5745 
6186 
6624 


2763 
3092 
3400 
4396 
5381 
5690 
6040 
6680 


3329 
3880 
4415 
4929 
5455 
5984 
6500 


4360 
4753 
5180 
5590 
6000 
6398 
6812 


Mag. 


o 

5295 

1 

5690 

5 

6120  1 

19 

6530 

9.12 
7.67 
10.04 
me 
mc 
7.97 


mc 

10.75 

10.8 

9.93 

10.50 

11.55 

mc 

mc 

mc 

mc 

mc 

mc 

mc 


mc 

10.37 

10.42 

10.46 

mc 

mc 

mc 


10.35 

mc 

mc 

mc 

mc 
10.6 
10.5 
10.3 

9.58 

9.1 

9.2 

mc 


10.76 
9.66 
mc 
8.08 
mc 

10.3 
nic 


9.14 
8.83 
10.30 
mc 
mc 
8.43 
9.36 


Corr.      Weight 


Epoch 


Calendar 


Mag. 


Corr.      Weight 


5798.     RU  Berculls. 


+  7 

13 

1 

-  9 

16 

2 

-H  5 

7 

3 

+  10 

2 

5 

+  7 

3 

6 

0 

12 

1897  Aug.  30 

1898  Nov.  9 
1900  Apr.  15 
1902  Nov.  26 
1904  Feb.  28 


6100.     liV  HerciilLs 


-  1 

10 

0 

+  3 

12 

1 

0 

20 

2 

-10 

17 

3 

-  1 

12 

4 

0 

12 

5 

-  1 

1 

6 

+  4 

1 

7 

+  11 

2 

8 

+  9 

2 

9 

+  19 

1 

10 

+  11 

1 

12 

+  11 

3 

1897  Dec.  1 

1898  July  2 

1899  Jan.  15 
Aug.  11 

1900  Feb.  17 
Sept.  11 

1901  Mar.  26 
Oct.  29 

1902  May  20 
Dec.  16 

1903  July  14 

1904  Aug.  3 


6894.  S  Li/rfie. 


+  4 

7 

4 

0 

20 

o 

-17 

27 

6 

-  6 

9 

7 

+  9 

3 

8 

+  12 

1 

9 

+  12 

3 

10 

7 

220.  S  Cygni. 

_  2 

33 

32 

+  1 

5 

33 

-17 

2 

34 

+  1 

1 

38 

+  8 

6 

40 

-  9 

1 

42 

+  15 

4 

43 

+  3 

4 

45 

1897  Dec.  19 

1899  Feb.  13 

1900  Apr.  25 

1901  July  14 

1902  Sept.  25 

1903  Dec.  13 


1893  May  l;» 

1894  Apr.  6 

1895  Feb.  15 
1898  Sept.  25 
1900  July  29 

1902  Apr.  20 

1903  Mar.  26 

1904  Dec.  25 


7269.     SX  Cijijni. 


0 

21) 

0  1 

1  -u 

2 

1 

+  7 

1 

2  1 

+  s 

" 

3 
4 

19(H>  Apr.  16 

1901  Mav  15 

1902  July  9 
190.3  Aug.  23 
1904  Oct.      7 


7458.      V  Delp/iini. 


-10 

6 

4 

+  12 

19 

.') 

+  18 

10 

~ 

+  3 

24 

S 

+  5 

1 

9 

0 

4 

-13 

1 

1S96  May  30 
1897  Nov.  IS 
I'.tOO  Sept.  27 

1902  Feb.  26 

1903  Aui;.  23 


8629.  Y  Cassiopeai-. 


+  6 

7 

I 

-11 

11 

2 

+  6 

7 

3 

+  6 

1 

4 

+  6 

2 

5 

-  6 

2 

t") 

—  2 

9 

i 

4167 
4603 
5125 
6080 
6540 


4278 
4699 
5135 
5580 
6018 
6462 


2603 
2925 
3240 
4558 
5230 
5860 
6200 
6840 


5126 
5520 
5940 
6350 
G761 


14.17 
13.97 
14.13 
mc 
14.0 


mc 

mc 
15.32 

mc 
15.32 

mc 


mc 
mc 
mc 
mc 
rac 
mc 
15.8 
15.4 


13.65 
me 
mc 
mc 

13.95 


3710 

rac 

4247 

mc 

5290 

17.3 

5807 

rac 

6350 

mc 

1S9S  Nov. 

4 

4598 

1S99  IVc. 

13 

5012 

1901  Feb. 

16 

5432 

1902  Mar. 

31 

5840 

190;!  May 

15 

6250 

1904  .lune 

8 

6640 

13.7 
13.9 
mc 
mc 
inc 
mc 


+  29 
-18 
+21 
+  10 
-13 


4260 

mc 

-20 

4473 

15.8 

-  7 

4670 

mc 

-10 

4878 

mc 

-  2 

5068 

15.60 

-12 

5274 

15.22 

-  6 

5470 

mc 

-10 

5687 

mc 

+  7 

5890 

mc 

+  10 

6100 

mc 

+20 

6310 

mc 

+  30 

6696 

14.2 

+  16 

+  10 

—  7 

—  9 

—  2 


+  4 


0 

-  4 
-15 

-  1 
+  19 

-  3 
+  13 
+    1 


+  4 
-11 
0 
+  1 
+  3 


+  3    I 
+  11    I 
-   4 
-16 


10 

25 

23 

1 

6 


1 
8 
1 
1 
12 
8 
1 
2 

0 
0 
1 


6 
6 
16 
1 
9 


1 
4 
8 
1 
4 
13 


33 
1 


-  8 

17 

-  4 

19 

+  6 

4 

+  2 

1 

+  4 

2 

-16 

3 

recites  Observatory,  1905  March  25. 
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OBSERVATIONS   OF  BROOKS'S   PERIODIC   COMET, 


M.VDE    WITU    TUB 

Bv  E.  E. 

On  account  of  bad  weather  only  eight  observations  of 
this  comet  were  secured.  Every  effort  was  made  to  get 
more  measures,  but  it  was  impossible.  For  the  same 
reason,  coupled  with  the  low  altitude,  earlier  measures 
were  not  possible,  though  the  comet  was  looked  for  fre- 
quently. With  poor  seeing  there  is  always  present  in  a 
large  telescope  a  milkiness  of  the  field  that  greatly  inter- 
feres with  the  visibility  of  a  faint  object,  such  as  a  comet 
or  nebula-^  even  more  perhaps  than  in  the  case  of  a  faint 
star. 

Following  are  a  few  notes  on  the  appearance  of  the 
comet : 


40-INCU    KEKUACTOK, 

BAKNARD. 

October  19.  Very  faint  from  bad  seeing.  Very  grad- 
ually brighter  in  the  middle.  Twelfth  or  thirteenth  mag- 
nitude, and  f  in  diameter. 

December  14-      Large. 

December  22.  Excessively  faint ;  somewhat  elongated 
east  and  west.  About  V  diameter,  with  possibly  a  faint 
nu3leus. 

January  J/..  Very  faint;  16  magnitude.  Very  small 
and  indefinite. 

On  four  dates,  it  was  necessary  to  compare  the  comet 
with  faint  stars  which  were  compared  by  transits  and  //8 
with  known  stars. 


1903-4  Cen.St.Time 

* 

Comp. 

Ja 

JS 

App.  a 

App.  8 

I90S            J         h          111         s 

111         8 

'            0 

h        ni       B 

o        /        w 

Oct.  19    7  48  46 

1 

4 

-0  53.5 

-21  41  37.5 

7  56  17 

1 

6 

+  0  14.73 

21     7  49.12 

8     3  34 

1 

4 

-0  46.3 

-21  41  30.3 

8     9  23 

1 

4 

+  0  15.20 

21     7  49.59 

20  8  23  44 

2 

5,8 

+  0     2.09 

-3  17.8 

21     8     53.9 

-21  32.1 

26  7  35  52 

3 

5,8 

+  2     5.37 

-2     8.6 

21  15     44.8 

-20  32.7 

7  45     6 

3 

2 

-2     3.9 

-20  32.6 

Nov.  10  6  30  37 

4 

6  ,  6 

-1  57.48 

+  0  43.2 

21  36  15.99 

-17  48  47.5 

Dec.   14  6  43  20 

5 

4,8 

-2  38.31 

+  2     9.4 

22  34  49.05 

-10  23     6.0 

21  6  42  38 

6 

7  ,  10 

+  0     7.09 

-2     6.2 

22  48     6.56 

-   8  41     3.9 

,^     22  6  26  34 

7 

6,9 

+  0  12.77 

+  4  48.1 

22  50     0.62 

-   8  26  28.0 

Jan.     4  6  16  33 

8 

8,6 

-0  59.54 

+  1  17.8 

23  15  25.50 

-   5  10  34.2 

Mean  Places  of  Comjmrison- Stars,  1903,  1904. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

21     7  31.24 

+  3!l5 

-21  41     2.5 

+  18.5 

Algiers,  A.G.C. 

2 

21     8  48.8 

+  3.05 

-21  29.1 

+  18.0 

SD.  2r5969 

3 

21  13  36.4 

+  2.96 

-20  30.9 

+ 18.3 

SD.  20°61S2 

4 

21  38  10.67 

+  2.80 

-17  49  48.9 

+  18.2 

Washington  Zones  67-142 

Vol.  II 

5 

22  37  24.75 

+  2.61 

-10  25  34.5 

+  19.1 

H.C.O.,  A.G.  Catal. 

6 

22  47  56.89 

+  2.58 

-  8  39  16.7 

+  19.0 

L.  de  Ball,  A.G.C. 

7 

22  49  45.27 

+  2  58 

-  8  31  35.1 

+  19.0 

L.  deBall,  A.G.C. 

8 

23  16  24.62 

+  0.42 

-   5  11  52.5 

+   0.5 

Strassburg,  A.G.C. 

Following  are  the  micrometer  measures  of  the  comet  with 
the  small  stars,  which  were  afterwards  compared  with 
known  stars : 

Comet  —  Stak. 


Time 


Cps. 


J8 


Oct.    26 

7  35  10 

5 

-2  41.5 

7  36  52 

10 

-0  28.2 

Nov.  10 

6  31  30 

6 

-1     4.0 

Dec.    14 

6  43  37 

4 

+  1  32.8 

6  43  20 

8 

-0  40.7 

Jan.      4 

6  17  40 

6 

-2     0.2 

6  16  33 

8 

+  0  51.2 

These  small  stars  were  then  compared  with  the  final 
comparison-stars  (small  star  —  comp.  star). 
Yerkes  Observatory. 


Oct. 

26 

+  2  16.83 

Nov. 

10 

-1  52.84 

Dec. 

14 

-2  44.58 

Jan. 

4 

-0  51.00 

J8 

Mag. 

-1  40.2 

12 

12 

+  3     0.0 

12 

+  0  26.6 

13 

Ja  Comp. 

n       s 

6  ,  3 

16 

8  ,  3 

18  ,  4 

On  Nov.  10,  the  comet  was  compared  directly  in  JS  with 
the  comparison-star,  and  the  Ja  was  measured  with  a  12" 
star,  which  was  then  compared  in  Ja  with  comp. -star  by 
transits.     The  small  star  was  s.f.  the  comp.-star. 

I  am  greatly  indebted  to  M.  Tkepied  of  Algiers,  Admiral 
Chester  of  Washington,  Professor  Pickering  of  Cam- 
bridge, Mass. ;  Dr.  DeBall  of  Vienna,  and  Dr.  Becker  of 
Strassburg,  for  star  places  in  advance  of  publication  of 
their  catalogues. 
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^^OTES  ON   SOME   LOXG-PERIOD  VARIABLE   STARS, 

By  a.  STANLEY  WILLIAMS. 


The  introductory  remarks  to  the  notes  published  in  the 
A.J.,  No.  559,  p.  62,  will  apply  generally  to  those  which 
follow.  The  observations  on  which  the  present  notes  are 
based  were  all  made  with  a  6J-inch  reflector,  a  power  of  73 
being  usually  employed.  Last  year  was  on  the  whole  a 
favorable  one  for  observation. 

liU  Androinedtii'. 
R.A.  =  1"  32™  47»  ,  Decl.  =  +38°  9'.5  (1900). 
Observations  were  made  on  19  nights,  between  1904 
Aug.  2  and  Nov.  12.  When  first  observed  the  star  appears 
to  have  been  just  about  at  maximum  brightness,  and  from 
this  time  it  at  first  very  slowly,  but  later  somewhat  rapidly, 
declined  to  12". 3  on  Nov.  12.  With  the  help  of  the  previ- 
ously obtained  light-curves,  a  maximum  was  deduced  for 
1904  Aug.  2  (9". 8),  buf  this  is  necessarily  a  little  uncer- 
tain, owing  to  the  absence  of  observations  during  the 
increase.  The  computed  date  of  maximum  according  to 
the  elements  in  A.J.  559,  p.  62,  is  Aug.  17. 

562.      F  Andromedae. 
The  variable  rose  rapidly  from  10". 7  on  1904  Oct.  28  to 
a  sharply  defined  maximum  (8". 5)  on  Nov.  18.     The  de- 
crease was  slower  than  the  increase.     Fifteen  observations 
were  obtained  up  to  1905  Jan.  21,  when  the  star  was  10". 0. 

R  V  Androiiiedae. 
R.A.  =  2''  4'"  34«  ,  Decl.  =  -|-4S°  27'.6  (1900). 
According  to  the  elements  published  in  the  A.X.  3944,  a 
minimum  of  this  star  should  have  occurred  on  July  29  of 
last  year,  and  a  maximum  on  Oct.  28,  assuming  that  the 
latter  occurs  midway  between  two  minima.  Observations 
were  made  on  21  nights,  between  July  24  and  1905  Jan.  7. 
These  give  1904  Aug.  1  and  Oct.  13  as  the  observed  dates 
of  minimum  and  maximum  respectively.  It  would  seem 
from  this  that  the  rise  from  minimum  to  maxiiuum  takes 
place  rather  more  quickly  than  the  decline,  the  interval 
M—in  being  73  days.  The  brightness  at  maximum  was 
8". 3  (assuming  DM.  +48°614  to  be  8".7),  and  at  minimum 
10". 2.  H.vRTwiG  observed  the  star  8". 5  on  1904  Sept.  30 
(A.X.  3984,  col.  371),  in  good  agreement  with  the  obser- 
vations made  here. 

1205.  Y  Persel. 
Observations  made  on  15  nights,  between  1904  Aug.  2 
and  1905  Jan.  12,  indicate  a  maximum  for  1904  Oct.  22 
(8 ".4),  but  this  is  not  very  satisfactory,  the  star  being  a 
very  difficult  one  to  observe,  owing  to  its  peculiar  orange- 
red  color.  The  observations  of  August  1904  are  discordant, 
and  seem  to  suggest  that  a  secondary  maximum  may  have 


occurred  at  about  the  end  of  July.  The  date  given  in  the 
V.J.S.  Ephemeridex  for  the  maximum  is  Sept.  30.  By 
Jan.  12  of  this  year  the  star  had  decreased  to  9". 7. 

R  Y  Lijrne. 
K.A.  =  IS"-  41"'  15'     ,     Decl.  =  -|-34°  34'.0  (1900). 

This  Star  was  observed  11  ".4  on  1904  May  14,  and  rose 
to  a  well-defined  maximum  (10". G)  on  June  10.  By  Sept. 
3  it  had  declined  to  12". 4.  and  on  Oct.  3  it  was  invisible 
in  a  6i-inch  reflector.  Observations  were  made  on  18 
nights,  between  the  above  limiting  dates,  but  there  is  a 
gap  between  June  23  and  July  21,  and  for  this  reason  the 
above  date  of  maximum  is  not  perfectly  satisfactory, 
though  it  is  not  likely  to  be  in  error  by  more  than  2  or  3 
days. 

R  W  Lyrae. 
R.A.  =  IS"-  42"'  ■•     ,     Decl.  =  -|-43°  31'.9  (1»00). 

Observations  were  made  on  26  nights,  between  1904 
May  14  and  Dec.  13.  The  star  was  invisible  in  a  6^-inch 
reflector  prior  to  Aug.  28,  when  it  was  13",  and  just  visible 
in  this  telescope.  From  the  last-mentioned  date  it  rose 
to  a  well-defined  maximum  on  1904  Nov.  2  (9". 6),  and  by 
Dec.  13  had  declined  to  10".8.*  The  form  of  the  light- 
curve  differs  somewhat  from  that  of  the  maximum  of  1903, 
being  more  rounded  and  the  decrease  more  rapid  than  it 
was  in  that  year,  and  it  appears  to  resemble  more  closely 
the  photographic  light-curve  of  1900.  Comparison  of  the 
visually  observed  maximum  of  1904  Nov.  2  with  that  of 
1903  May  25  gives  527  days  for  the  length  of  the  period ; 
whilst  comparison  of  the  former  maximum  with  tlie  photo- 
graphic maximum  of  1900  Oct.  6  would  make  the  period 
496  days.  Having  regard  to  the  similarity  in  the  form  of 
the  light-curve,  it  seems  the  more  likely  that  the  latter 
represents  the  average  period  of  the  variable,  so  that  the 
following  are  the  revised  elements  of  variation  : 

Maximum  =  1900  Oct.  6  (J.D.  2415299)  +  490''  E 

and  these  satisfy  all  the  published  photographic  and  visual 
observations,  including  the  two  publislied  by  Hartwig  in 
the  VJS.  Ephi'iiierides  for  1904,  p.  244.  The  next  maxi- 
mum will  be  due  1906  Mar.  13. 

()783.  RX  Li/rae. 
Observations  were  made  on  21  nights,  lietween  1904 
JLay  14  and  Oct.  13.  The  star  was  invisible  in  a  6J-inch 
reflector  up  to  .Vug.  v8,  on  which  date  it  was  just  visible 
distinctly,  and  about  13".  It  then  increased  rapidly  to  a 
well-defined  maximum  on  1i)04  Sept.  2,  when  it  was  ll".l 
(0".2  brighter  than  the  star  marked  (2')  on  the  chart  in  the 


•  For  light-scale   ami   miignituiles   of 
MO,  p.  62. 


.•omi>arlson-st*rs,  seo  A.J. 
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A.N.  3857).  The  decline  was  not  so  rapid  as  the  rise,  but 
by  Oct.  l.'i  the  star  had  decreased  to  12". 5.  The  predicted 
date  of  maximum  in  the  VJS.  Kphemerides,  1904,  is  Sept.  9. 

68 IC).  Z  Lyme. 
Observations  on  3()  niglits,  between  1904  May  14  and 
Oct.  29,  enable  a  good  determination  of  maximum  to  be 
made.  The  star  rose  from  12". 7  on  May  14  to  a  well- 
detined  maximum  on  1904  A\ig.  30  (9". 3),  and  had  declined 
to  IIM  by  Oct.  29. 

0827.     liT  Lyme. 

In  1903  bhis  star  was  observed  11". 5  on  May  9,  and  from 
this  date  it  decreased  in  brightness,  until  by  June  21  it 
was  no  longer  visible  in  a  6i-inch  reflector,  and  it  had  not 
re-appeared  by  Sept.  11. 

In  1904  observations  were  made  on  21  nights,  between 
the  under-mentioned  limiting  dates.  The  variable  was  in- 
visible in  the  6i-iuch  reflector  on  May  14,  but  was  observed 
13". 1  on  June  12,  and  from  this  date  it  rose  rapidly  to  a 
well-defined  maximum  on  1904  Aug.  6,  when  it  was  9". 3, 
or  0''.5  fainter  than  DM.  +37°330(;  (8". 8).  The  decline  was 
equally  rapid  with  the  rise,  and  by  Oct.  3  the  star  had 
diminished  to  12". 6. 

Comparing  the  above  maxinmm  with  the  one  that  was 
well  observed  here  on  1902  July  22  {A.J.  529),*  we  have 
the  following  elements  of  variation  : 

Maximum  =  1902  July  22  (J.D.  2415953)  +  248''.7  E 

and  these  satisfy  all  the  published  observations  of  this 
star.  The  next  maxima  should  occur  on  1905  April  12 
and  Dec.  16. 

6895.  R  U  Lyrae. 
The  variable  was  invisible  in  a  6i-inch  reflector  between 
1904  May  14  and  June  20.  It  was  observed  12". 5  on  Julj' 
21,  and  from  this  date  it  rose  rapidly  to  a  sharply-deiined 
maximum  on  1904  Aug.  28,  and  by  Oct.  3  had  decreased 
to  12". 0.  This  maximum  seems  to  have  been  an  unusually 
faint  one,  the  greatest  brightness  being  only  10". 9.  The 
date,  too,  is  22  days  earlier  than  the  computed  date  of 
maximum  according  to  the  elements  in  the  A.J.  559,  p.  63. 

*Haktwig  gives  July  9  for  the  date  of  maxitaum  in  1902  from 
his  own  observations,  but  does  not  mention  any  particulars  (VJS. 
Ephemerides  for  1903,  p.  283). 

20  Hove  Park  Villas,  Hove,  1905  Jan.  31. 


so  that  the  period  of  380  days  is  a  little  too  long.  Obser- 
vations were  made  on  18  nights  between  the  above  limiting 
dates. 

7019.      TV  Cyjni. 

Tliis  star  was  invisible  in  a  6i-inch  reflector  on  1904 
May  14,  but  it  was  observed  12". 2  on  June  8,  and  from 
this  date  it  rose  at  first  slowly,  but  after  July  rapidly,  to 
a  well-detined  and  well-observed  maxinmm  (9".l)  1904  on 
Oct.  10.  By  Nov.  27  the  variable  had  declined  to  10". 6. 
Nineteen  observations  were  made  between  the  above  limit- 
ing dates. 

7505.      UX  Cyt/ni. 

Uetween  1904  Ma}-  14  and  1905  Jan.  7  observations  were 
made  on  45  nights.  On  the  former  of  the  above  dates  the 
star  was  13",  being  just  visible  in  a  6i-inch  reflector,  and 
it  remained  faint,  but  slowly  brightening,  until  Aug.  15, 
when  it  was  12". 4.  A  very  rapid  increase  in  brightness 
then  set  in,  and  by  Sept.  21  the  star  had  risen  4.5  magni- 
tudes, or  at  the  rate  of  a  magnitude  in  8  days.  A  well- 
defined  and  well-observed  maximum  (7". 4)  occurred  on 
1904  Oct.  9.  The  decline  was  rapid  from  Oct.  20  to  Nov. 
20,  but  then  became  slower,  the  magnitude  on  1905  Jan.  7 
being  10.0. 

Comparison  of  the  above  maximum  with  the  photo- 
graphic one  of  1901  Oct.  23  (see  A.J.  529,  p.  7)  would  give 
541  days  for  the  period  of  variation,  but  this  cannot  be 
exactly  right,  since  carried  back  it  would  imply  a  maxi- 
mum on  1895  Nov.  19 ;  whereas  the  faintness  of  the  star 
on  a  photograph  obtained  by  Max  Wolf  at  Heidelberg  two 
dajs  later  (see  A.N.  3752,  col.  146)  shows  that  it  was  then 
at  some  distance  from  that  epoch.  It  seems  likely  that 
the  recent  maximum  was  abnormally  late,  and  that  the 
period  of  518  days  suggested  in  the  A.J.  559,  p.  63,  is 
nearly  correct. 

7571o'.      TW  Cyyiii. 

This  variable  rose  rapidly  from  11". 4  on  May  14  to  a 
verj'  sharply-defined  maximum  (9". 2)  at  about  1904  June 
28,  and  by  Aug.  15  it  had  decreased  to  11". 3.  This  maxi- 
mum appears  to  have  been  a  very  sharply-defined  one,  but 
the  exact  date  is  not  well  ascertained,  as,  owing  to  my 
absence  from  home,  there  are  no  observations  between 
June  23  and  July  21.  The  form  of  the  light-curve  of  this 
variable  differs  considerably  at  different  maxima. 
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01^  SYSTEMATIC  ERRORS  IN  DETERMINING  VARIATIONS   OF  LATITUDE, 

By   frank   SCHLESINGEU. 
Observations  for  determining  the  variation  of  lartitiule, 
however  carefully  they  may  be  made,  seem  to  be  subject 
to  considerable    systematic  discordances.      It  is  doubtful 


whether  these  have  their  origin  in  external  causes  (such  as 
meteorological),  or  whether  their  explanation  is  to  be 
sought  in  the  instrument  or  in  the  observer. 

It  is  obvious  that  the  question  can  be  decided  by  setting 
up  two  instruments  side  by  side,  and  having  two  observers 
make  simultaneous  observations  with  them.  It  will  occa- 
sionally happen  with  each  instrument  that  a  night's  obser- 
vations will  deviate  largely  from  those  of  the  preceding 
and  succeeding  nights.  If  these  deviations  follow  the 
same  course  for  both  instruments,  we  must  conclude  that 
they  arise  from  some  external  cause,  probably  bej-ond  the 
control  of  the  observer. 

The  conditions  for  such  a  test  happen  to  be  well  fulfilled 
by  certain  observations  made  before  the  present  subject 
was  in  mind.  I  refer  to  the  two  independent  series  by 
Marcuse  and  Pkestox,  at  Waikiki,  near  Honolulu,  in  the 
Hawaiian  Islands,  in  1891  and  1S92.  The  former  of  these 
■observers  represented  the  International  Geodetic  Asso- 
ciation, the  latter  the  United  States  Coast  and  Geodetic 
Survey.  In  that  day  the  reality  of  latitude-variations  was 
still  doubted  by  some,  and  Hawaii  was  selected  as  a  site 
for  an  observing  station  because  the  latitude-variations  at 
that  place  should  be  (and  in  fact  proved  to  be)  the  reverse 
of  those  at  European  stations,  the  difference  in  longitude 
being  about  180°.  Two  observers  were  sent,  because  "pre- 
vious experience  has  shown  that  a  single  series  may  easily 
suffer  interruption  because  of  the  illness  of  the  observer, 
or  the  failure  of  the  instrument.'"  AVaikiki  is  on  the  south 
side  of  the  island  of  Oahuhu,  about  two  miles  southeast  of 
Honolulu.  Preston's  station  was  within  400  feet  of  the 
shore,  and  Mar(  use's  was  31  feet  north  and  IS  feet  west 
of  Pkestox's.  To  the  north  and  west  rose  the  high  moun- 
tains of  the  island,  so  that  the  character  of  the  country 
surrounding  the  stations  was  well-nigh  as  diverse  as  pos- 
sible. This  circumstance  is  unfavorable  as  regards  the 
determination  of  the  latitude  itself,  but  for  present  pur- 
poses it  is  rather  fortunate  than  otherwise.  The  instru- 
ments employed  were  of   the  same   general   type  (zenith 


telescopes  broken  near  the  ocular^,  b\it  they  differed  greatly 
in  detail ;  it  would  have  been  better  for  the  purposes  of 
this  paper  if  they  had  been  radically  different  instruments ; 
if,  for  example,  one  of  them  had  used  some  other  means 
than  a  level  for  determining  the  zenith  point. 

The  observers  used  the  same  star-list,  but  reduced  their 
observations  with  different  systems  of  declinations.  As  is 
well  understood,  this  has  no  influence  upon  the  derived 
latitude-variations,  the  method  of  observation  being  such 
as  to  eliminate  errors  in  the  assumed  declinations.  How- 
ever, the  use  of  different  systems  of  declinations  makes 
impossible  a  direct  comparison,  and  I  have  therefore  altered 
Prestox's  results  by  reducing  his  observations  with  Mar- 
cuse's  declinations. 

In  the  accompanying  table  are  collected  all  the  necessary 
data.  They  are  based  on  Pkestox's  paper  in  the  report  of 
the  Superintendent  of  the  U.S.  Coast  and  Geodetic  Survey 
for  1892  (Appendix  No.  2).  and  on  Albrecht's  Hefultnte 
dur  Beohnchtun'jsreihe  in  Honolulu,  1892  (Cetitnillnire'iu 
(ler  Internatio7ifi1en  Erdmessumj). 

Column  1  gives  the  date  of  observation.  Only  those 
dates  have  been  used  on  which  both  observers  secured  a 
complete  group  simultaneously.  Incomplete  groups  and 
isolated  pairs  might  also  have  been  employed,  but  this 
would  have  involved  a  considerable  increase  in  the  numeri- 
cal work,  without  adding  much  to  the  material.  Besides, 
the  restriction  to  complete  groups  obviates  the  necessity 
for  any  consideration  of  the  screw-value  ur  its  temperature 
correction ;  for  the  star-list  was  selected,  as  is  usual,  so  as 
to  eliminate  uncertainties  in  these  when  a  complete  group 
has  l)een  observed. 

Column  2  gives  the  group  number.  Group  1  was  ob- 
served at  the  end  of  the  series,  as'well  as  at  the  beginning ; 
it  contains  seven  pairs.  Each  of  the  other  groups  has 
eight  jtairs.  The  material  here  discussed  includes  98 
groups  and  77.3  pairs  simultaneously  observed. 

Column  ."  contains  Marcise's  observed  latitudes  (pages 
92  to  94  of  Albrecht's  paper)  corrected  for  the  "group- 
reductions."  These  reductions  were  determined  indejvend- 
ently  by  >Iarcise  and  Prestos,  with  the  results  at  foot 
of  p.  18.->. 
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1 

2 

3 

4 

5 

6 

7 

8 

1         9         1 

First  Solution 

Second  Solution         1 

Date 

Group 

Observed  Latitudes 

Marcuse 

Marcuse 

Preston 

Marcuse 

Preston 

Makcuse 

Preston 

Preston 

Albrecht 

Albrecht 

Curve 

Curve 

1891  June 

8     '        I 

5*13 

4^83 

+  0'.30 

+  o!o7 

-0.23 

+  0.'l2 

-o!23 

13 

5.23 

5.09 

+    .14 

-    .20 

+   .06 

+   .25 

+   .06 

15 

4.90 

4.S5 

+   .05 

-   .12 

-   .17 

-   .07 

-   .17 

17 

5.07 

5.09 

-   .02 

+    .06 

+   .08 

+   .11 

+   .08 

22 

4.84 

4.94 

-   .10 

-   .15 

-   .05 

-   .10 

-   .04 

June 

L'7     '        II 

4.95 

5.03 

-   .08 

-   .02 

+   .06 

+   .04 

+   .06 

30 

4.88 

5.05 

-   .17 

-   .07 

+   .10 

-   .02 

+   .09 

July 

18 

4.71 

4.65 

+   .06 

-   .16 

—   .22 

-   .11 

-   .21     1 

\ 

26 

4.70 

4.82 

-    .12 

-   .13 

-  m 

-   .07 

+   .01 

Aug. 

5 

4.74 

4.76 

-   .02 

-   .05 

-   .03 

-    .01 

-   .02 

G 

4.71 

4.71 

.00 

-   .08 

-   .08 

-   .04 

-   .06 

10 

4.98 

4.75  • 

+   .23 

+   .20 

-   .03 

+   .25 

.00 

13 

4.68 

4.62 

+    .06 

-   .09 

-   .15 

-   .05 

-   .12 

14 

4.48 

4.63 

-   .15 

-   .28 

-   .13 

-   .24 

-   .10 

July 

17 

III       I     4.74 

4.69 

+   .05 

-   .13 

-   .18 

-   .08 

-   .17 

IS 

4.93 

4.80 

+   .13 

+   .06 

—   .07 

+   .11 

-   .06 

''7 

4.65 

4.65 

.00 

-   .18 

-   .18 

-   .13 

-   .16 

Aug. 

5 

4.77 

4.72 

+   .05 

-   .02 

-   .07 

+   .02 

-   .06 

13 

4.40 

4.67 

-   .27 

-   .37 

-   .10 

-   .33 

-   .07 

14 

4.51 

4.38 

+   .13 

-   .25 

-   .38 

-   .21 

-   .35 

26 

4.40 

4.81 

-   .41 

-   .33 

+   .08 

-   .29 

+   .13 

Sept 

1> 

4.47 

4.66 

-   .19 

-   .24 

-   .05 

-   .21 

+   .01 

19 

4.32 

4.70 

-   .38 

-   .36 

+   .02 

-   .33 

+   .09 

26 

4.42 

4.68 

-   .26 

-   .25 

+   .01 

-   .23 

+   .08 

28 

4.76 

4.78 

-   .02 

+   .09 

+   .11 

+   .11 

+    .18 

Aug. 

20 

IV 

4.64 

4.71 

—   .07 

-   .11 

-   .04 

-   .06 

-   .01 

23 

4.76 

4.87 

-   .11 

+   .02 

+   .13 

+   .06 

+   .18 

Sept 

2 

4.80 

4.91 

-   .11 

+   .09 

+   .20 

+   .12 

+   .26 

y 

4.81 

4.66 

+    .15 

+   .12 

-   .03 

+   .14 

+   .02 

12 

4.69 

4.65 

+    .04 

.00 

-   .04 

+   .03 

+   .02 

26 

4.62 

4.58 

+   .04 

-   .05 

-   .09 

-   .03 

-   .02 

28 

4.63 

4.42 

+   .21 

-   .04 

-   .25 

-   .02 

-   .18 

Oct. 

5 

4.60 

4.61 

-   .01 

-   .07 

-   .06 

-   .05 

+   .02 

28 

4.88 

4.63 

-   .25 

+   .20 

-   .05 

+   .21 

+   .01 

30 

4.73 

4.96 

-   .23 

+   .05 

+   .28 

+   .05 

+   .33 

31 

4.53 

4.69 

-   .16 

-   .15 

+   .01 

-   .15 

+   .06 

Nov. 

4 

4.58 

4.59 

-   .01 

-   .11 

-   .10 

-   .10 

-   .05 

6 

4.66 

4.81 

-   .15 

-   .03 

+   .12 

-   .03 

+   .17 

14 

4.81 

4.69 

+   .12 

+   .10 

-   .02 

+   .10 

+   .04 

17 

4.52 

4.79 

27 

-   .19 

+  .08 

-   .20 

+   .12 

Oct. 

30 

V 

4.90 

4.62 

+   .28 

+   .22 

-   .06 

+   .22 

-   .01 

31 

4.63 

4  57 

+   .06 

-   .05 

-   .11 

-   !05 

-   .06 

Nov. 

6 

4.77 

4.64 

+   .13 

+   .08 

-   .05 

+   .08 

.00 

14 

4.68 

4.69 

-   .01 

-  .03 

-   .02 

-   .03 

+   .04 

17 

4.77 

4.77 

.00 

+   .06 

+   .06 

+   .05 

+   .10 

19 

4.78 

4.68 

+   .10 

+   .06 

-   .04 

+    .06 

+   .01 

23 

4.88 

4.76 

+   .12 

+   .15 

+    .03 

+    .15 

+   .08 

Dec. 

10 

4.83 

4.89 

-   .06 

+    .05 

+   .11 

+    .05 

+   .14 

12 

4.77 

4.91 

-   .14 

-   .02 

+   .12 

-   .03 

+   .15 

15 

4.72 

4.61 

+   .11 

-   .08 

-   .19 

-   .08 

-   .16 

21 

5.06 

4.73 

+   .33 

+   .24 

-   .09 

+    .24 

-   .06 

23 

4.83 

4.82 

+   .01 

+   .01 

.00 

.00 

+   .03 

26 

4.84 

4.81 

+   .03 

.00 

-   .03 

-   .01 

.00 

30 

4.77 

4.73 

+  0.04 

-0.08 

-0.12 

-0.09 

-0.10 
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1 

Date 


1891  Dec.   12 
15 


1892  Jan. 


Feb. 


26 

29 

6 

12 

18 

20 

27 

3 

8 

13 


Jan.    20 
Feb.      3 


12 
13 
24 
27 
29 


Mar. 


9 
10 
24 


Mar. 


9 
10 
24 
30 
31 

April  9 
19 

May      2 


May     4 

5 

9 

14 

15 

18 


2 

Group 


VI 


VII 


VIII 


Observed  Latitudes 
MAKcrsE  Preston 


4.83 
4.75 
4.71 
4.71 
4.81 
4.98 
5.00 
4.88 
4.89 
5.07 
4.79 
4.99 
4.95 

4.97 
5.13 
5.11 
5.03 
5.06 
4.92 
5.24 
5.12 
5.05 
5.07 
5.18 
5.09 
4.98 
5.21 

5.22 
5.14 
5.07 
5.15 
5.10 
5.12 
5.13 
5.29 
5.16 
5.47 
5.19 


5.32 
5.13 
5.11 
4.94 
5.21 


4.88 
4.77 
4.93 
4.95 
4.92 
4.71 
5.16 
5.03 
4.85 
5.49 
4.85 
4.92 
4.73 

4.54 
5.03 
4.92 
4.92 
4.84 
4.92 
5.23 
5.16 
5.06 
5.09 
5.36 
4.86 
5.20 
5.34 

5.25 
5.54 
5.26 
5.13 
5.19 
5.18 
5.28 
5.45 
5.15 
5.22 
5.18 

5.19 
5.27 
4.91 
4.95 
4.90 
5.30 


Marcuse 
Preston 


.Marcuse 

Preston 

Mean 

(rlOUp   1 

0.00 

0.00 

0.00 

Group  2 

-HO.Ol 

-0.04 

-0.01 

Group  3 

-(1.10 

—  0.23 

-0.16 

Group  4 
Group  5 

+  0.37 

+  0.39 

+  0.3S 

+  0.15 

+  0.17 

+o.n; 

Group  6 
Group  7 

+  0.19 

+  0.10 

+  0.1.-1 

+  0.01 

+  0.02 

+  0.01 

.Group  8 

+  0.0S 

+  0.07 

+  0.08 

-0.05 

-  .02 

-  .22 

-  .24 

-  .11 
+  .27 

-  .16 

-  .15 
+  .04 

-  .42 

-  .06 
+  .07 
+  .22 

+  .43 

+  .10 

+  .19 

+  .11 

+  .22 
.00 

+  .01 

-  .04 

-  .01 

-  .02 

-  .18 
+  .23 

-  .22 

-  !l3 

-  .03 

-  .40 

-  .19 
+  .02 

-  .09 

-  .06 

-  .15 

-  .16 
+  .01 
+  .25 
+  .01 

+  .08 
+   .05 

+  .16 
+  .04 
-0.09 


6         I         7 

First  Solution 


Marcuse 
Albrecht 


+0.04 

-  .05 

-  .11 

-  .13 

-  .03 
+  .11 
+  .10 

-  .04 

-  .04 
+  .11 

-  .20 

-  .02 

-  .09 

+  .04 
+  .14 
+  .11 
+  .02 
+   .03 

-  .12 
+  .16 
+   .03 

-  .05 

-  .04 
+   .06 

-  .05 

-  .16 
+   .03 

+  .11 

+  .02 

-  .07 
+  .01 

-  .08 

-  .07 

-  .06 
+  .08 

-  .06 
+  .25 

-  .03 

+  .05 
+   .10 

-  .09 

-  .10 
27 

O.IK) 


8         I         9 

Second  Solution 
Marcuse     !     Preston 


Albrecht 


Curve 


+0.09 

-  .03 
+  .11 
+  .11 
+  .08 

-  .16 
+  .26 
+   .11 

-  .08 
+   .53 

-  .14 

-  .09 

-  .31 

-  .39 
+  .04 

-  .08 

-  .09 

-  .19 

-  .12 
+  .15 
+  .07 

-  .04 

-  .02 
+  .24 

-  .28 
+  .06 
+  .16 

+  .14 

+  .42 

+  .12 

-  .01 
+  .01 

-  .01 
+  .09 
+  .24 

-  .07 
.00 

-  .04 

-  .03 
+  .05 

-  .31 

-  .26 

-  .31 
+  0.09 


+  0.03 

-  .05 

-  .12 

-  .14 

-  .05 
+  .09 
+   .08 

-  .07 

-  .06 
+   .09 

-  .22 

-  .03 

-  .10 

+  .02 
+  .12 
+  .10 
+  .01 
+   .01 

-  .13 
+  .15 
+   .02 

-  .06 

-  .04 
+   .06 

-  .04 

-  .15 
+   .04 

+  .11 

+  .02 

-  .06 
+  .02 

-  .07 

-  .05 

-  .04 
+  .11 

-  .02 
+  .30 
+  .02 


+   .10 
+   .15 

-  .03 

-  .04 

-  .21 
+  0.08 


Curve 


+  0.12 
.00 

+  .14 

+  .14 

+  .09 

-  .16 
+  .26 
+  .10 

-  .10 
+  .52 

-  .16 

-  .12 

-  .33 

-  .41 
+   .02 

-  .09 

-  .12 

-  .22 

-  .14 
+  .12 
+   .03 

-  .08 

-  .06 
+   .20 

-  .31 
+  .02 
+   .13 

+  .10 

+  .38 

+  .09 

-  .05 

-  .02 

-  .05 
+  .05 
+  .22 

-  .08 
+   .01 

-  .02 

-  .01 

+   .07 

-  .23 

-  .27 
+  0.13 


Preston's  group-reductions  have  of  course  been  cor- 
rected for  differences  in  assumed  declinations,  to  be  given 
presently.  Marcise's  reductions  should  perhaps  be  en 
titled  to  greater  weight,  but  even  if  we  assigned  to  them 
double  the  weight  of  1*re.<ton's,  the  resulting  corrections 
would  differ  by  insignificant  quantities  (never  more  than 
0".02)  from  the  simple  means.  I  have  therefore  adopted 
the  latter  as  given  above,  and  have  applied  them  to  both 
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Marcuse's  and  Preston's  observations.  To  save  space 
anil  printing,  21°  16'  20"  has  been  subtracted  from  each 
latitude. 

Column  4  contains  Preston'.s  latitudes.  In  order  to 
make  them  directly  comparable  with  Makcuse's,  the  fol- 
lowing corrections  have  been  applied  to  the  latitudes  given 
by  Pke.ston  on  pages  148  to  150  of  his  paper  :  (1)  The 
group  reductions  as  given  above;  (2)  A  constant  correc- 
tion of  +0".30,  Preston's  instrument  having  been  so 
much  south  of  Marcuse's;  (3)  The  difference  in  the  as- 
sumed declinations,  the  means  by  groups  being, 

(1)  +0.20'  (2)  +0^31  ^;3)  +OA(J  (4)  +o!o9 
(5)  +0.15  (6)  +0.28  (7)  +0.20  (8)  +0.09 
Column  5  contains  the  differences  between  correspond- 
ing numbers  in  the  preceding  columns.  The  mean  of 
these  98  differences,  having  regard  to  signs,  is  —  0".008. 
If  we  denote  by  E^  the  mean  error  of  Marcuse's  determi- 
nation of  the  latitude  from  one  group,  and  by  Ep  a  similar 
quantity  for  Preston,  then  by  squaring  and  adding  the 
numbers  in  column  5  we  have 

(1)  E\„+E%  =  ^^  =  O.027Q 

It  is  now  in  order  to  determine  how  much  the  two  ob- 
servers differ  separately  from  the  true  latitude,  and  to 
compare  these  residuals  with  column  5.  Several  ways  of 
doing  this  are  open  to  us,  depending  upon  what  we  adojat 
for  the  variation  of  latitude.  Besides  the  observations 
made  at  Waikiki  during  the  period  under  discussion,  simi- 
lar series  were  being  carried  on  at  six  other  stations  well 
distributed  in  longitude ;  and  the  results  have  been  as- 
sembled by  Dr.  Albkecht  in  his  "  Bericht  uber  der  Stand 
der  Erforschimrj  der  Breitenvariation  im  Dez,  1897."  In- 
stead of  using  these  results,  some  might  prefer,  for  the 
present  purpose,  to  use  only  the  determinations  of  the 
variation  of  latitude  made  at  Waikiki  itself ;  and  if  this 
latter  course  were  decided  upon  there  would  still  be  a 
choice  in  the  manner  of  combining  the  two  separate  series. 
In  order  to  see  how  much  these  different  alternatives 
would  affect  our  conclusions,  I  have  made  two  extreme 
solutions.  In  the  first  Marcuse's  observations  have  been 
compared  with  Albrecht's  latitude-curve  (as  given  in  the 
B^irht)  and  Preston's  with  the  same  curve.  In  the 
second  solution  Marcuse's  separate  observations  were  com- 
pared with  his  own  latitude-curve,  and  Preston's  obser- 
vations with  Preston's, latitude-curve.  The  former  solution 
may  be  regarded  as  yielding  the  upper  limit  for  the  syste- 
matic error,  and  the  latter  the  lower  limit. 

From  the  data  on  pages  6  and  7  of  Albrecht's  Bericht 
a  curve  showing  the  variation  of  latitude  at  Waikiki  was 
computed  and  plotted  on  a  generous  scale.  The  numbers 
in  columns  3  and  4  were  then  subtracted  from  the  corre- 
sponding curve  numbers  with  the  results  shown  in  columns 
Yerkes  Observatory,  1904  December  24. 


6  and  7.  Squaring,  adding  and  taking  the  mean  for  column 
6  we  get  0.0169  ;  and  for  column  7,  0.02.38.  If  there  were 
no  common  error  present  we  should  expect  the  sum  of 
these  two  numbers  (0.0407)  to  be  about  equal  to  E-j,+  E''p; 
but  we  see  that  this  sum  is  considerably  greater  than  what 
we  found  in  Equation  (1).  We  must  therefore  conclude 
that  some  systematic  error  is  present  which  tends  to  dis- 
place both  series  in  the  same  direction,  so  that  the  simul- 
taneous observations  agree  better  than  we  should  infer 
from  their  divergencies  from  the  true  latitude.  We  may 
arrive  at  the  size  of  this  systematic  tendency  in  this  way ; 
let  E  be  its  mean  value  (in  a  sense  corresponding  to  mean 
error).     Then  columns  6  and  7  give  respectively, 

E-+ E-^  =  0.0109  (2) 

E-+E%  =  0.0238  (3) 

Combining  with  Equation  (1)  we  get 

E    =  o!o80  ) 

A'„  =  0.102  Y  First  Solution 

Ep  =  0.132  ) 

This  value  of  E  includes  the  uncertainties  in  Albrecht's 
determination  of  the  latitude-variation  ;  a  consideration  of 
the  data  leads  us  to  conclude  that  when  the  most  liberal  al- 
lowance is  made  for  this  the  above  value  of  E  cannot  be 
decreased  by  more  than  0".01.*  But  this  point  is  entirely 
avoided  in  the  Second  Solution,  details  for  which  appear 
in  columns  8  and  9.  The  numbers  in  the  former  column 
were  obtained  by  subtracting  those  in  column  3  from  the 
corresponding  values  of  the  latitude  as  given  by  Marcuse's 
curve  in  the  •'Besultute  der  Beohachtunr/sreihe  in  Honolulu." 
Those  in  column  9  were  obtained  by  subtracting  the  num- 
bers in  column  4  from  the  corresponding  latitudes  as  given 
by  the  diagram  opposite  page  156  of  Preston's  paper.  To 
the  scaled  numbers  in  the  latter  case  0".51  has  been  added 
in  order  to  allow  for  the  dift'erence  of  latitude  (  +  0".30) 
between  the  two  instruments,  and  for  the  mean  difference 
of  the  declinations  (0".21)  upon  which  the  diagrams  are 
based.  Squaring,  adding  and  taking  -the  means,  we  get 
from  columns  8  and  9, 

E-+E-^  =  0.0155  (4) 

E-+E-P  =  0.0235  (5) 

Combining  as  before  with  Equation  (1)  we  get 


E  =  0.075 
A'j,  =  0.100 
i'    =  0.134 


) 


Second  Solution 


These  are  in  very  satisfactory  accord  with  the  results  of 
the  first  solution.  There  is  therefore  no  doubt  as  to  the 
reality  of  a  common  error  affecting  the  two  series. 

This  investigation  obviously  tells  us  nothing  of  the 
cause  of  the  systematic  error.  The  writer  hopes  to  throw 
some  light  upon  this  question  in  a  future  paper. 

*  This  estimate  includes  the  effect  of  Kim  ura'  s  recently-discovered 
term. 
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THE    SECULAR    PERTURBATIONS    OF    3TAES  ARISING    FROM     THE   ACTION 

OF   SATUIiX, 


IJv    EKIC    DOOLITTLE. 


The  elements  employed  in  the  following  computation 
are  from  Dr.  G.  W.  Hill's  "New  Theory  of  Jnplti^r  and 
Sfitnrii,''  pages  19,  192,  and  558: 


Mars. 

-  =  333°  17'  ol'74 
i  =       1  51     2.24 
S^  =    48  23  54.59 
e  =  0.093  26803 
7i  =  6S9050".784 
log  <i  =  0.182  8971 
m  =  1h- 3093  500 


Saturn. 

tt'  =  90°  6  4l'37 
i'  =       2  29  40.19 

^'=  112  20  49.05 
e'  =  0.056  06025 

7i'  =  43996".21506 
log  a'  =  0.979  4956 

m'  =  1-^3501.6 


Epoch  1850.0  G.M.T. 

The  orbit  of  Mars  was  divided  into  twelve  parts  with 
regard  to  the  eccentric  anomaly.  This  was  found  to  be 
fully  sufficient,  for  although  the  approximate  tests  furnished 
by  comparing  the  sums  of  the  functions  corresponding  re- 
spectively to  the  odd  and  even  points  of  division  were  in 
many  cases  inapplicable,  yet  those  sums  from  which  the 
final  values  of  the  differential  coefficients  are  derived  were 
in  almost  perfect  agreement,  thus  furnishing  two  separate 
determinations  of  the  coefficients  which  are  in  some  degree 
independent.  All  known  test  equations  were  also  applied, 
and  the  work  was  duplicated  throughout;  in  the  dupli- 
cation the  form  of  the  formulas  was  changed  when  possible, 
and  addition  and  subtraction  tables  of  logarithms  were 
employed.     The  equation, 

sin  (f  .  k  -•(  i"  +  cos  q  .  /jJ"  =  0 

was  found  to  give  the  residual,  +0.000  000000031. 

If  ill'  is  left  indefinite,  the  resulting  values  of  the  differ- 
ential coefficients  are  as  follows  : 


LeVekkiek 
{Itl         +0.00627 

5in,T'^]         -0.00852 


Idtjao^ 

r^l  ^    _  920.85894 
L^*  loo 

r^l  =    +2338.2557       .•«' 


+  22.022  051  «(' 
+  2338.7360  m' 
86.444  970  >„.' 


log  coeff. 
71/1.342  8578 

/y3.3689812 

«1. 936  73975 

H2.964  1931 

jt/3.368  8920 

n3.467  6567 


dtJM 

If  the  value  1^3501.6  is  adopted  for  m',  there  will  be 

obtained  the  following  results : 


00628  91406 
66790  508 


[dtjoo 

■"•I .  -0, 


26298  236 
66776785 


['^lo=  -0-S3828212 


The  values  found  by  LeVerrier  are  given  in  the  Anuttli-s 
de  rObsercatolre  de  Farig,  Tome  II,  page  59,  and  Tome  VI, 
page  189;  those  of  Newcomb  are  in  the  "Secular  Farintions 
off  he  Orbits  0/  the  Four  Inner  F/anets,"  pages  336  and  378. 
If  the  results  are  all  reduced  to  the  above  values  of  i«', 
they  will  compare  with  those  here  obtained  as  follows : 


XEWCO.MU 

+  0.00629 
+  0.0622C. 
-0.00849 
-0.02468 


Method  of 
+  0.006  2S91 
+  (),06i'2S14 
-0.008  4927 
-0.024  6873 
-0.838  282 1 


Thfi  Flnwer  Observatori/,  1005  Jmmitry  1.3. 
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OBSERVATIONS   OF  COMETS, 


M.\I)K    Willi    TIIK    11-IXCII    Kl^l  ATOItl.M.    .\T    TIIK    SMITH    COLLEGE    OriSEIiVATOKV,    .NI)KTH.\MI'TON,    .MA»S. 

By  MAKY  E.  BVRD. 


Greenwich  M.'I 

* 

Conip. 

Ja 

Jh 

App.  a 

App.  S 

log 

/'■i 

Red.  to 

App.Pl.    ' 

IJoMET  (•  1903  (Bokkelly) 

*July24   IG     0 

9 

1 

9,6 

-5"'36.V6 

-6'2l!4 

13  23  26.39 

+  64 

10     6.8 

9.999 

0.378 

-0.25 

+  11.3 

Aug.    1   14  59 

45 

9 

9 

+  3  59.8 

+  51 

10     8.4 

0.708 

+   0.8 

8   13  19 

22 

3 

10  ,  10 

-0 

28.81 

-5  15.1 

li   io  57.65 

+  43 

43     6.4 

9.777 

0.674 

+  0.24 

-   3.4 

12  13  47 

33 

4 

9 

-3 

18.85t 

10  57  24.41 

9.728 

+  0.32 

\ 

Encke'.s  C 

OMET,   1904  /.. 

Dec.    7  13     1 

18 

5 

13,9 

+  0 

51.96 

-        1.0 

20  49  19.28 

+   5 

41  33.4 

9.603 

0.749 

+  1.72 

+  21.8 

8  11  48 

14 

6 

12,10 

+  0 

28.36 

-5  35.4 

20  45  42.72 

+   5 

6     0.7 

9.526 

0.740 

+  1.70 

+  21.5 

8  13  28 

47 

7 

15,4 

+  0 

22.45 

-3  38.0 

20  45  27.23 

+   5 

3  19.7 

9.626 

0.758 

+  1.70 

+  21.4 

9  12  32 

40 

8 

12,10 

+  1 

44.17 

-6  29.5 

20  41  43.64 

+   4 

26  34.6 

9.591 

0.752 

+  1.68 

+  21.0 

11  12    3 

15 

9 

12,9 

_1 

35.22 

+  2  32.8 

20  33  54.36 

+   3 

8  56.9 

9.576 

0.756 

+  1.66 

+  20.2 

11  12     3 
13  12     9 

15 

10 
11 

12 
12,9 

—  1 

33.35 
51.41 

-i  48.7 

20  33  54.51 
20  25  38.83 

9.576 
9.597 

0.764 

+ 1.66 
+  1.61 

+  20.2 
+  19.3 

+   1 

46  57.7 

13  12     9 

14  11  51 

24 
3 

12 
13 

11 
12,10 

+  1 

54.50 
35.38 

+  1  11.5 

20  25  38.96 
20  21  25.83 

9.597 
9.588 

0.'766 

+  1.61 
+  1.58 

+  19.3 
+  18.7 

+    1 

4  59.1 

tl4  12  53 

52 

14 

12,4 

+  0 

15.83 

+  3  57.7 

20  21  14.22 

+   1 

3     4.7 

9.630 

0.769 

+  1.58 

+  18.7 

16  12     6 

8 

15 

12,9 

-0 

35.92 

+     29.5 

20  12  31.08 

-   0 

23  32.4 

9.614 

0.771 

+  1.54 

+  17.9 

18  11     6 

47 

16 

12,10 

-1 

6.38 

+       8.5 

20     3  20.79 

-   1 

54  42.1 

9.577 

0.778 

+  1.52 

+  17.0 

Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


z 

13 

29 

3.40 

11 

40 

59.31 

11 

11 

26.22 

11 

0 

42.94 

20 

48 

25.60 

20 

45 

12.66 

20 

45 

3.08 

20 

39 

57.79 

+  64  16  16.9 

+  51  6     7.8 

+  43  48  24.9 

+40  19     8.9 

+   5  41  12.6 

+  5  11  14.6 

+   5  6  36.3 

+  4  32  43.1 


Authority 


Hels.-Gotha,  A.G.  7613 
Camb.,  U.S.,  A.G.  3921 
Bonn,  A.G.  7965 
Bonn.  A.G.  7898 
Leipzigll,  A.G.  10436 
Leipzig  II,  A.G.  10391 
Leipzig  II.  A.G.  10387 
Albany,  A.G.  7250 


Authority 


20  35 
20  35 
20  27 
20  27 
20  19 
20  20 
20  13 
20     4 


27.92 
26.20 
28.63 
31.85 
48.87 
56.81 
5.46 
25.65 


+3 

6 

3.9 

+3 

7 

3.5 

+  1 

48 

27.1 

+  1 

48 

18.5 

+  1 

3 

28.9 

+  0 

58 

48.3 

-0 

24 

19.8 

-1 

55 

7.6 

Albany,  A.G.  7223 
Albany.  A.G.  7222 
Albany,  A.G.  7158 
Albany,  A.G.  7159 
Nicolajew,  A.G.  5161 
Nicolajew,  A.G.  5165 
Nicolajew,  A.G.  5122 
^Ticolajew,  A.G.  5074 


*  It  is  possible  that  this  time  is  fast  from  two  to  ten  seconds. 

.  {Observation  by  Harriet  W.  Bigelow. 


^  Refraction  is  not  included. 


OBSERYATIOXS    OF    THE    SATELLITE   OF   KEPTUXE  AT   THE   OPPOSITION 

OF   1904-5. 


made  with  the  26-ijfch  equatorial 
Bt  H.  L.  rice  and 
[Communicated  by  Rear-Admiral  C.  M 
In  tlie  following  observations,  each  position-angle  and 
distance  is  the  mean  of  8-10  settings  of  the  micrometer. 
The  settings  in  position-angle  were  made,  half  before  and 
half  after  the  measurements  in  distance.     Each  printed 
time  is  the  mean  of  the  times  corresponding  to  the  settings 
in  position-angle.     The  corresponding  mean  of  the  times 
for  the  measurements  in  distance  never  differs  hy  more 
than  2i  minutes,  and,  in  this  interval,  the  change  in  dis- 


AT   THE    U.S.  NAVAL    OBSERVATORY, 

J.  C.  HAMMOND. 
Chester,  U.S.X.,  Superintendent.] 

tance  of  the  satellite  never  exceeds  0".01.  Xo  correction 
for  this  change  has  been  applied. 

The  position-angle  of  the  micrometer  in  measuring  the 
distance  was  the  last  setting  of  the  first  set  of  position- 
angles.  This  may  differ  by  as  much  as  2°  from  the  mean, 
but  the  correction  to  be  applied  to  the  distance  for  an  error 
of  this  amount  in  the  position-angle  is  inappreciable. 

In  measuring  position-angles,  a  single  wire  was  placed 
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so  as  to  pass  through  the  satellite  and  bisect  the  disc  of 
the  planet.  The  disc  was  also  bisected  in  measuring  the 
distance.  A  magnifying  power  of  400  with  bright  wire 
illumination  was  always  used. 


The  computed  positions,  with  which  the  comparisons  are 
made,  were  derived  from  data  given  in  the  Connaissance 
des  2'emps. 


Position-Ansle 

Distance 

0- 

-C 

Washington  Mean  Time 

Observer 

Po 

Pe 

<» 

«0 

Sp 

8s 

Seeing 

1904 

h       II 

3 

O 

0 

jr 

n 

o 

0 

" 

Nov.  21 

15  37 

15 

H. 

65.05 

65.32 

14.86 

15.00 

-0.27 

-0.14 

Excellent 

30 

14  35 

45 

H. 

235.91 

237.73 

14.40 

14.24 

-1.82 

+0.16 

Fair 

Dec.    14 

11   16 

1 

H. 

93.70 

94.63 

16.16 

16.83 

-0.93 

-0.67 

Fair 

16 

10  47 

25 

H. 

325.04 

325.10 

12.53 

12.29 

-0.06 

+0.24 

Excellent 

18 

11  21 

16 

H. 

221.68 

223.16 

13.03 

12.90 

-1.48 

+  0.13 

Excellent 

19 

10  30 

20 

H. 

141.52 

141.43 

12.79 

12.57 

+  0.09 

+  0.22 

Bad              ! 

L'9 

9  42 

52 

H. 

264.50 

.264.68 

17.33 

16.82 

-0.18 

+  0.51 

Fair 

Jan.      1 

9  22 

9 

H. 

81.53 

82.72 

16.69 

16.74 

-1.19 

-0.05 

Excellent 

l(j 

9  31 

46 

R. 

247.77 

249.01 

16.01 

15.67 

-1.24 

+0.34 

Poor 

27 

9  25 

39 

R. 

280.36 

280.48 

16.90 

16.40 

-0.12 

+  0.50 

Fair 

Feb.      7 

8  31 

54 

R. 

324.89 

324.58 

12.28 

12.lt> 

+  0.31 

+  0.18 

Fair 

10 

8  20 

32 

R. 

139.54 

140.58 

12.67 

12.37 

-1.04 

+  0.30 

Fair 

24 

8  21 

45 

R. 

21.76 

21.52 

11.36 

11.39 

+  0.24 

-0.03 

Good 

Mar.   10 

9     2 

48 

R. 

242.92 

244.79 

15.21 

15.00 

-1.87 

+  0.21 

Fair 

13 

7  43 

17 

H. 

63.57 

64.49 

14.84 

14.95 

-0.92 

-0.11 

Good 

25 

8  20 

51 

H. 

50.26 

49.80 

13.36 

13.29 

+  0.46 

+  0.07 

Excellent 

31 

8  51 

30 

H. 

41.26 

40.44 

11.96 

12.38 

+  0.82 

-0.42 

Fair 

THE   SECULAR 


PERTURBATIONS 

By  eric   DOOLITTLE. 


OF    THE   EARTH, 


The  secular  perturbations  of  the  Enrth  arising  from  each 
of  the  other  planets,  except  ]>!eptnne,  have  been  published 
in  the  Astronomical  Journal,  Nos.  473,  493,  506,  518,  564 
and  567.  lu  these  computations,  Dr.  G.  W.  Hill's  first 
development  of  Gauss's  method  was  used,  and  after  com- 
pleting the  work  it  was  in  each  case  duplicated  from  the 
beginning,  the  form  of  the  equations  being  modified  in  the 
duplication  when  this  was  possible. 

The  perturbations  arising  from  the  action  of  Nejitune 
were  computed  from  the  following  elements  {'-New  Theory 
of  Jiqiiter  and  Saturn,"  pages  192,  554  and  161). 


Earth. 


Jupiter. 


was  found  to  give 


Innes,    sing  .  i  A[''  +  cos  qr  .  fi^''  =  0, 
the  residual  +0.000,000,000,000,0014. 

The  resulting  values  of  the  differential  coefficients  were 
as  follows : 


w  =  100  21   39.73 

ir' 

=    43  17  30.30 

I  =       0     0     0.00 

i' 

=       1  47     1.68 

Q  = 

Si' 

=  130     7  31.83 

e  =  0.016  77114 

I'.' 

=  0.008  4962 

n  =  1295977".416 

n' 

=  7864".935 

a  =  0.000  OOOO 

log  a' 

=  1.4781414 

m  =  1 -=-327  000 

m.' 

=  lH-19700 

loa 


Epoch  1850.0,  G.M.T. 

The  orbit  of  the  Earth  was  divided  into  eight  parts  with 
regard  to  the  eccentric  anomaly ;  in  those  cases  in  which 
the  sums  of  the  functions  corresponding  respectively  to 
the  odd  and  even  points  of  division  should  be  in  substantial 
agreement,  this  test  was  satisfied  very  exactly.  The  com- 
putation was  also  duplicated  from  the  beginning,  and  all 
known  test  equations  were  applied.     The  equation  of  'Mr. 


IdtjoT  ~ 


0.01183  1221//,' 


log  coefif. 
/iS.073  0296 


+  35.402545        ///'       y-1. 549  0345 


0.71895833    m' 


0.S5200049    //(' 


47.071428 


«9.856  7037 


//9.930  43985 


/( 1.678  2582 


When  the  above  value  is  substituted  for  //*',  the  follow- 
ing  results  are  obtained  : 


i.OOO  0006  00569^7^ 


[ft  - 


.000  0364  95344 


-0.000  0432  48757 


.002  419S69S 
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The  values  found  by  LeVereier  are  given  in  the  Annates 
de  r Ohservatoire  de  Paris,  Vol.  II,  page  59,  and  Vol.  IV, 
pages  11  aud  12;  those  obtained  by  Newcomb  are  in  the 
"Seru/(ir  Variations  of  the  Orhi's  off/w  Four  Inner  Planets," 

pages  336  and  377  ;  the  values  of       -       and     -r-        com- 

jmted  bj-  Dr.  Hill  are  given  in  the  '•Ncir  T/ieoi-i/,"  pages 
511  and  512.  If  the  various  results  are  reduced  to  the 
above  value  of  iti',  they  will  conijiare  with  those  here  ob- 
tained as  follows : 


LeVerrier  Newcomb 
0.000  00 


r'-*l    o'ooooo 

Idtjo,, 
jfi^  I  -r0.00(l(t3    +0.000  03 

f'-!^]  -0.000  04 

P^l  -0.000  04 


Method  of  Gai'sb 

—  0.0(10  (too  (l(j 


....  +0.00003014 
.0.000  04  -0.0000 3G0  -0.000  030  49 
-0.000  04   -0.0000  435   -0.000  043  25 


We  may  now  express  the  variations  which  arise  from  the  action  of  all  the  disturbing  ])lanets  by  the  following 
equations  : 

O".085G5518   -0".0011613570a,   +0".013483339aj'   -0".01571893o,"' 

(V'.OS  1841849  0,'^-   -0".000433(io713a,^'   +0".000017278SOlu."   -O".(t00ooo(>oo5(;972a,^" 


df]   _ 


Idf  joo     L'^Oflo 


+  11".4790G20   -0".109cfeS15u,   +3".4537341  o/   +0".97534S89oj"' 

+   6".9(>525()5  <u'^    +0".18725991a,^-    +0".005(i636605<«^'   +()".001797O838a,^" 


dj>l  ^ 
dt  joo 


+   0".0527475(»7    +0".0025085775(o   +0".074457966a.'   +0".00C3317101  w'" 
-   0".025114405a,'^-   -0".0054235259a,^-   +0".0000236793O6a)"  -0".00003649o344  a,"' 
0".0020986812a,   -0".28462399<o'  -0".O07187206C(u"' 
-0".0131S80S()o/-    -0".0()007S487295a,"    -0".O00(_)43248757  <«^'" 
0 

0".23457335  w'" 


-/]  =    -   0".4G76841G 

df  Jno 

_   0".lG04G44fi 


dL 


1  =    +    1".756333   +0".39309355a)   +11".232473 
!fjoo 

-  9".191G3oGtu"'   -0".43251400u,^    -0".0080929G04<o^'   -0".0024198G9S 


The  quantities  u,  <»',  <d"',  etc.,  are  corrections  to  the 
masses  adopted  for  Mercurij,  Venus,  Mars,  etc.,  respectively, 
and  are  coiinected  with  the  true  masses,  m,  in',  /«'",  etc., 
by  the  equations 

m  =  w„  (1  +  w)  ,  ;/('=  w',  (1  +  0)')  ,  >//'"=  m^"'{l  +  J"),  etc. 

LeVerriek  has  stated  a  similar  system  of  equations  in 
the  Annates,  Vol.  IV,  page  12.  By  introducing  the  cor- 
rections necessary  to  bring  the  masses  emploj-ed  by 
LeVekrier  into  accordance  with  those  here  adopted,  and 
by  treating  the  results  of  Newcomb  and  Hill  in  a  similar 
manner,  the  four  determinations  will  be  found  to  compare 
as  follows : 


LeVehriei! 
del  " 

^i       -0.08509 
(It  Joo 

['!f]    +0.19254 

r^l    +0.05290 

I 'It  Joo 

I'lfl    -0.4G754 

L  'I'  Jw 

ra    +1.7570* 
I'tt  loo 


Xewcomh 

—  0.OS5G3 

+  0.19248 
+  0.0527G 

—  0.4G7fi8 


llii.i. 


Method  of 
Gau.ss 


-0.085655 

+0.192516 

+  0.0527225     +0.052748 

-0.4676079** -0.467G84 

+1.75(;333 


*  The  action  of  Neptune  is  not  included.  j  "JVeic  Theory,"  and  arrive  at  the  same  results  as  he  obtained.     It  is 

**  The  large  ditference  arises  almost  wholly  from  the   action   of  1  to  be  noticed  that  these  are  merely  the  results  obtained  by  substituting 

Venus.     Dr.  Hill  obtains — 0".28452S0,  and  Xkwcomb — 0". 28462,  i  the  proper  values  in  LeVerriei!'s  expansion   (Annale^,    Vol.   II, 

while  my  result  is  — 0". 284624.     I  have  duplicated  the  computation  i  pages  94  to  96),   and  were  regarded    by  Dr.  Hill  as   provisional 

of  dp  and  dq  by  Dr.  Hill'S  methods  as  outlined  in  chapter  26  of  the  only. 

The  Floioer  Observatory,  \^Qa  April  19. 
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OBSERYATIOXS   OF   THE   SATELLITES   OF   JUPITER  Ds^   1903. 


MADE    WITH    THE    12-IXCH    EQUATORIAL 
Bv   T.    1.    KING    AND 

[Communicated  by  Rear-Admiral  C.  M 
Of  the  following  observations,  those  extending  to  Nov.   | 
10,  inclusive  (79  in  number),  were    made   by  Mr.  King  ;   : 
those  from  Xov.  22  on  (71  in  number),  by  ilr.  Hammond. 
Mr.  King's  observations  consist  of  six  settings  in  position- 
angle,  three   before    and  three  after  the  distances  —  the 
latter  comprising  four  measures  made  on  one  side  of  coin- 


AT   THE   U.S.  NAVAL   OBSERVATORY, 

J.  C.  HAMMOND. 
Chester,  U.S.N.,  Superintendent.] 

cidence.  Mr.  Hammond's  observations  were  similarly  made 
as  regards  position-angle ;  but  they  involve  six  measure- 
ments in  distance  —  three  on  each  side  of  coincidence. 

The  position-angles  were  always  taken  about  the  inner 
satellite  of  each  pair.  Bright  wire  illumination  was  em- 
ployed throughout  the  series. 


No. 

Date   j 

Wash.  M.T. 

P 

Wash.  M.T. 

s 

No. 

Date 

Wash.  M.T. 

I' 

Wash.  M.T. 

» 

1903 

b   lu   s 

h   m   8 

I- 

II. 

laa 

t 

b   m   a 

1 

June  30 

15  59  11 

245J4 

15  59  1 

264 '96 

21 

Nov. 

4 

9 

16  11 

76^17 

9  16  14 

45.69 

2 

July  20 

15  11  16 

230.17 

15  11  58 

19.31 

22 

" 

7 

28  40 

66.31 

7  28  58 

108.58 

,  3 

20 

15  30  56 

229.47 

15  32  0 

17.75 

23 

9 

8 

9  10 

47.93 

8  9  16 

36.51 

4 

24 

15  29  15 

169.18 

15  29  26 

6.68 

24 

10 

8 

23  55 

66.18 

8  24  5 

92.74 

5 

Aug.  11 

15  8  6 

239.91 

15  8  49 

102.61 

25 

22 

7 

7  15 

237.70 

7  7  45 

68.71 

6 

17 

13  18  40 

72.90 

13  18  24 

49.46 

26 

25 

6 

26  3 

66.65 

6  26  24 

153.56 

1 

21 

12  6  13 

74.10 

12  6  33 

27.83 

27 

28 

7 

9  27 

65.83 

7  9  51 

79.89 

8 

24 

12  28  24 

68.96 

12  28  54 

90.83 

28 

30 

6 

43  33 

247.31 

6  44  23 

195.36 

9 

Sept.  22 

10  53  18 

67.88 

10  54  8 

83.18 

29 

Dec. 

5 

6 

36  21 

65.19 

6  36  37 

73.93 

10 

25 

9  13  8 

68.04 

9  13  30 

89.96 

30 

6 

6 

46  16 

73.20 

6  46  29 

58.81 

11 

29 

12  36  31 

67.80 

12  37  0 

68.15 

31 

7 

6 

29  21 

246.46 

6  29  39 

245.45 

12 

Oct.   2 

10  38  34 

67.58 

10  39  8 

95.25 

32 

14 

6 

58  44 

245.90 

6  59  1 

268.02 

13 

6 

8  50  4 

67.98 

8  50  18 

68.02 

33 

15 

6 

38  43 

63.75 

6  39  20 

145.71 

14 

12 

10  54  38 

64.23 

10  55  9 

258.30 

34 

20 

7 

0  52 

63.34 

7  1  6 

151.09 

15 

13 

11  35  9 

67..52 

11  35  36 

78.85 

35 

22 

7 

10  41 

63.20 

7  10  49 

134.49 

16 

20 

8  59  35 

67.73 

8  59  55 

67.01 

36 

23 

6 

22  38 

64.75 

6  22  59 

117.64 

17 

27 

8  51  50 

67.19 

8  52  19 

71.75 

37 

30 

6 

32  18 

64.79 

6  32  33 

101.39 

18 

28 

11  4  9 

234.75 

11  4  34 

55.64 

38 

31 

6 

32  28 

231.59 

6  32  28 

38.55 

19 

Nov.  3 

7  33  16 

66.54 

7  34  0 

86.63 

1901 

20 

3 

IMB 

9  38  54 

66.86 

9  39  11 

75.73 

I- 

39 
III. 

Jan. 

." 

5  38 

66.08 

7  6  9 

180.25 

1 

May  8 

16  52  45 

243.29 

16  53  1 

217.74 

9 

Sept 

25 

9 

1  4 

57.68 

9  1  43 

68.91 

o 

June  2 

15  57  48 

273.46 

15  56  18 

24.87 

10 

Oct. 

0 

10 

27  4 

55.15 

10  28  5 

49.47 

3 

10 

16  31  54 

64.15 

16  32  11 

346.60 

11 

12 

11 

7  1 

70.56 

11  7  28 

149.68 

4 

14 

16  16  36 

243.78 

16  17  5 

380.13 

12 

Nov. 

6 

8 

19  48 

301.83 

8  20  3 

6.21 

o 

July  8 
19 

15  51  53 

61.78 

15  52  1 

255.94 

13 

25 

6 

38  47 

243.00 

6  38  47 

119.50 

6 

15  53  2 

238.67 

15  54  25 

130.82 

14 

27 

7 

37  11 

250.55 

7  37  38 

68.67 

7 

Sept.  21 
24 

9  4  50 

174.46 

9  5  7 

18.30 

15 

29 

7 

4  42 

64.78 

7  5  19 

355.99 

8 

10  28  26 

38.27 

1  10  28  44 

33.39 

16 

Nov. 

30 

6 

57  3 

65.01 

6  57  21 

251.36 

(191) 
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N"  57 


Date 


No. 


Wash.  M.T. 


17 
18 
19 
20 
21 
22 
23 


I1K)» 

Dec.  7 
11 
1,3 
U 
15 
IS 


c 

41  16 

(>4.(52 

7 

7  45 

247.51 

5 

20  14 

03.81 

(i 

35  59 

04.47 

7 

2  31 

67.48 

6 

32  5 

246.70 

(> 

36  49 

06.50 

41 

52 

7 

40 

20 

56 

36 

23 

o 

56 

32 

21 

37 

1 

I  — III.  —  (^Continued). 

Dec.   23 


224.96 
144.35 
314.99 
201.30 
223.39 
194.64 
287. .-il 


24 


26 


28 


Jan. 


33 

32 

36 

23 

54 

34 

17 

2S 

IS 

0 

240.60 

04.08 

241.89 

61.84 
63.72 


6  33  48 
4  36  47 

6  54  36 

7  17  30 
7  18  16 


76.26 
163.81 
180.10 

186.20 
153.43 


Juue  -3 
10 

Aug.  17 
24 

Sept.  25 

Oct.  6 
13 
21 

Dec.      3 


10  36  31 

239.87 

16  5  46 

53.50 

13  30  53 

53.01 

12  14  17 

162.53 

12  21  10 

68.47 

9  0  49 

57.76 

11  24  12 

121.41 

8  51  30 

250.18 

6  20  59 

240.36 

16  36  31 

16     6     1 

13  37  30 

12  14     2 

12  21  41 

9     1  13 

11  24  20 

8  52     4 

6  27  47 


I- 

119.33 

51.73 

82.03 

22. OS 

238.85 

150.56 

15.34 

04.42 

1 73.29 


IV, 


10 
11 
12 
13 
14 
15 
16 


loos 
Dec. 


0 
11 
14 
IS 
22 
28 


Jan. 


6  49  15 

244.35 

7  11  55 

244.63 

6  55  55 

58.76 

7  10  24 

64.25 

6  42  40 

66.50 

6  48  36 

243.61 

4  45  35 

254.25 

0  55     1 

71.73 

6  49  45 

7  12  13 

6  56  27 

7  10  48 
6  43  8 
6  49  15 
4  45  49 


543.73 
414.17 
126.25 
395.22 
323.83 
344.42 
63.94 


0  .55  17  '     90.88 


1903 

May  22 
28 

June  10 
14 
30 

July  8 
21 

Aug.  11 

Sept.  23 
25 

Oct.  2 
12 
19 


Il-III. 


1     May     4 


3 

22 

4 
5 

July 

7 
19 

6 

Aug. 

17 

7 

24 

8 
9 

Sept. 
Oct. 

25 
6 

10 

12 

11 

13 

12 

14 

1S03 

May     8 

28 

June    2 

Julv     7 

Sept.  25 

Oct.    12 

Nov.     9 

24 

29 


16 

34 

oo 

72.70 

10 

22 

1 

64.45 

10 

18 

14 

61.38 

16 

25 

2 

244.94 

15 

41 

50 

60.22 

15 

36 

30 

51.32 

15 

0 

5 

273.16 

14 

53 

2 

249.07 

10 

41 

37 

247.66 

9 

29 

31 

284.13 

10 

50 

17 

262.10 

10 

40 

34 

234.55 

9 

13 

19 

10S.21 

16  42 

46 

16  25 

7 

16  11 

55 

15  58 

7 

16  11 

9 

13  59 

41 

12  44 

49 

12  36 

25 

9  12 

2 

10  29 

45 

11  47 

8 

9  40 

23 

245.10 
63.52 

245.35 

238.07 
66.09 
36.30 

236.19 
08.29 
50.29 
72.45 

237.85 
80.59 


10 

34 

23 

10 

22 

30 

16 

18 

39 

16 

27 

54 

15 

43 

9 

15 

36 

30 

15 

0 

26 

14 

52 

48 

10 

41 

50 

9 

29 

55 

10 

50 

40 

10 

40 

47 

9 

13 

33 

16  38  51 

60.05 

16  9  58 

63.47 

16  19  27 

234.10 

10  9  16 

238.0] 

12  48  34 

75.51 

10  17  31 

65.89 

0  48  4 

55.15 

6  39  7 

259.08 

6  49  30 

67.15 

16  43  28 

16  25  13 

16  13  23 

15  58  22 

16  12  1 
14  0  8 
12  44  43 
12  36  58 

9  12  21 

10  29  50 

11  47  19 
9  41  10 


38 

52 

9 

51 

20 

29 

9 

18 

48 

55 

17 

43 

48 

31 

39 

27 

50 

o 

90.99 

314.46 

72.14 

447.53 

68.84 

16.20 

16.55 

127.88 

103.05 

21.62 

45.32 

100.12 

28.03 

II- 
311.16 
125.99 
272.48 
143.09 
344.38 

50.00 
100.37 
179.12 

88.56 
170.28 

08.60 

38.47 


180 
261 
110 
194 
139 
267 
97 
88 
262 


III- 
31 
37 
70 
84 
70 
17 
42 
47 
,32 


14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

IV. 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 


-IV. 
10 
11 
12 
13 
14 
15 

16 
17 


Oct. 
Nov. 


Dec. 


Oct. 
Nov. 


Dec. 


26 

7 

24 

29 

1 

6 

11 

15 

17 

18 

20 

22 

31 


21 


28 

1 

3 

6 

7 

11 

20 

28 


Nov.  30 

Dec.   1 

13 

14 

15 


Jan.  3 
4 


0  0  15 

78.64 

6  57  55 

48.85 

6  55  59 

239.15 

7  13  41 

63.40 

6  53  4 

231.78 

6  58  43 

62.65 

7  19  17 

244.41 

6  50  10 

73.51 

6  34  33 

245.08 

6  22  50 

244.04 

6  35  55 

59.1] 

7  13 

69.73 

6  43  2 

244.74 

8  41  3 

299.55 

7  24  12 

248.43 

6  53  52 

56.13 

6  57  16 

64.79 

7  6  35 

71.19 

6  38  47 

70.88 

7  24  33 

245.73 

6  53  9 

244.96 

6  44  52 

61.07 

6  47  2 

247.59 

5  4  0 

61.02 

9  19 

67.17 

18  22 

65.85 

7  18 

64.88 

46  54 

63.91 

13  23 

04.15 

54  34 

240.97 

29  58 

68.57 

6  31 

230.93 

10  6  41 
6  58  11 

6  56  30 

7  18  10 
6  52  59 

6  59  8 

7  19  43 
0  50  20 
6  34  42 
6  23  17 

6  30  19 

7  1  18 
0  43  20 


8  41 
7  23 
6  53 

6  57 

7  7 

6  39 

7  24 
6  53 
6  44 
6  47 
5  4 


7  9  39 
7  18  38 

5  7  45 

6  47  25 

7  13  43 
4  54  57 

7  30  22 
7  6  43 


76.45 

51.55 
122.43 
365.66 

55.10 
293.75 
190.53 

85.01 
130.92 
175.00 
140.27 
145.96 
133.35 


20.91 
270.07 
113.97 
357.84 
148.96 

95.00 
459.80 
300.92 

79.80 
142.29 
219.93 


160.30 
207.10 
170.22 
185.94 
357.86 
226.17 

257.07 
60.68 


N"-  o7 
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OBSERVATIONS   OF   MINOR   PLANETS, 

MADE    WITH    THE    itJ-IN'CU    E((rATOniAl,    AT   THE    I'.S.  XAVAL   OBSEKVATOUV, 

By  W.  WALTEK  DIXWIDDIE. 
[Communicated  by  Rear-Admiral  C.  M.  CHF.aTFft.  T'.S.X.  Superintendent . l 


1904-05  Wash.  M.T. 


Comp. 


Ja 


Oct.  21  13  3 
24  12  9 
24  12  31 
27  10  4 
27  10  31 


27  11  .51  52 

27  12  16  1 

28  11  48  9 
30  10  32  51 
30  10  54  42 


28  ' 

1 

30 

6 

57 

2 

30 

6 

10 

3 

30 

6 

57  1 

4 

35 

6 

56  1 

5 

30 

6 

6 

30 

6 

- 

30 

6 

8 

10 

10 

8 

40 

7 

9 

30 

6 

1  11  11  14 

10 

30  ,  6 

G  10  8  14 

11 

30  ,  6 

6  10  25  4 

12 

30,6 

(i  10  44  59 

13 

30,6 

Xov. 


Nov.  6  11  41  57  I  14  I  37  ,  8 

11  11  22  10  i  15  '  30,  6 

11  11  36  20  I  16  I  30  ,  6 

14  10  31  59  I  17  1  30  ,  6 


Nov.  11  12  IC  31 
11  12  30  16 
14  9  20  15 


Nov.  15  11  24  27  21  30,6 
15  11  40  29  ,22  I  17  ,4 
21  10  31  7  I  23   30  , 6 


18 

30  ,  6 

19 

30  ,  6 

20 

30,  6 

+  1  17.97 
-0  29.69 
+  2  32.92 
-0  40.97 
+2  4S.64 


+  2  49.99 
-2  34.64 
+  0  5.55 
-1  45.17 
-2  38.47 


-3  9.00 
+  0  49.96 
-1  11.64 
-2  29.53 


-0  21.99 
-0  41.48 
+  0  59.38 
+  3  47.73 


+  1  22.42 
-1  15.24 
-0  46.83 


+  0  44.04 
-2  23.18 
-0  59.45 


Deo.  Ill  0  22 
4  9  53  10 
4  ID  9  8 


Dec.  1  12  5  32  i  28  I  30  ,  6 


25 

30  ,  6 

26 

29,6 

27 

14  ,3 

29 

30,6 

30 

30  ,6 

31 

30  ,6 

Jan.  30  9  44  43 

Feb.  4  11  52  6 

7  11  31  42 


Feb.  4  13  5  10  32  |  30  ,  6 
Feb.  24  13  0  29  i  33  |  30  , 6 


A  pp. 


Red.  to  A  pp.  PI. 


(o7)  Mnemosyne. 


-   1 


+  1 


24.3 
2.4 
41.3 
25.0 
24.3 


b 

48 

17.36 

46 

15.15 

46 

14.37 

44 

16.59 

44 

15.99 

7 

33 

21.6 

9.177 

0.66L' 

7 

5 

15.5 

8.802 

0.665 

7 

4 

57.8 

9.060 

0.666 

6 

37 

45.3 

n9.171 

0.673  1 

6 

37 

31.8 

n8.982 

0.671  1 

(l") 

4  2.4 

5  9.8 
9  42.5 
0  51.5 
3  7.0 


Theth. 
2   36  17.78 

!  2  36  16.72 
2  35  21.00 
2  33  30.30 
2  33  29.48 


+  5  56  28.6  ,nS.602 

+  5  56  23.0  I  7.930 

+  5  51  50.4  j/i8.576 

+  5  42  59.4  n9.219 

+  5  42  56.5  n9.094 


(170)  Maria. 


+ 

0  55.7 

+ 

1  45.1 

+ 

5  5.7 

+ 

0  35.7 

2  44  25.94 
2  38  53.88 
2  38  53.27 
2  38  52.27 


(451)  Fatientin. 


-  3  57.1 

-  3  54.8 
+  4  35.7 
3  22  2 


2  32  3.71 

2  27  50.44 

2  27  50.03 

2  25  25.85 


(32)  Pomona. 


+  2  14.9 
+  2  20.7 
-  0  26.1 


2  40  41.76 
2  40  41.20 
2  38     9.83 


(335)  Roliertn. 


—  1  56.8 
-12  25.6 

-  3  31.3 


2  18  53.83 
2  IS  53.10 
2  14  24.58 


Nov.  16  12     3  28  I  24    I  29  ,  6  i    +1  50.40    |  + 


-3  19.59 
+  1  38.56 
+  2  38.92 


-4  13.04    :  + 


+  2  12.38 
+  0  33.76 
-2  42.74 


+  3  26.53 
+  1  49.09 


(432)  Piithia. 

2  48.3  I    3  15  13.48  | 

(154)    Bertha. 

3  16.2      4  IS  40.50 

6  30.2  I    4   15  24.41 

7  30.3  I    4   15  23.61 

(208)  LacrimoMi. 
2     5.6  I    4  48     8.23 

(270)  Ana/nta. 
6  29.9  1    8  28  33.31 
2  14.6  I    8  22  57.38 

0  45.6  I    8  19  49.61 

(65)   Ci/Me. 
5  11.2  I  10  23  42.53 

(374)   liiirijiindla. 

1  7.2  I  10     8     2.22 


0.678 
0.678 
0.679 
0.684 
0.682 


+  39  54  0.7  !n9.103  i«8.893 
+39  31  40.6  «9.342  9.276 
+39  31  37.1  1/(9.252  8.908 
+39  31  33.3  H9.110  |/tS.253 


■14  56  47.2  9.0S4  i  0.557 
-14  56  44.2;  9.172  0.560 
■14  39  37.6i«9.312  1  0.575 


23  14.6 

8.439 

0.77'.> 

19  30.6 

8.552 

0.778 

19  29.8 

7.609 

0.778 

21  45.1 

/i8.562 

0.778 

.......   -r  !.■,.'.> 

+3.56  +15.8 
+3.56  +16.0 
+  3.57  +15.9 
+  3.57  +16.1 


+  3.59  +12.2 
+  3.59  +11.8 
+  3.59  +12.1 
-1-3.61  +12.1 
+3.61  -H12.1 


+4.82  +   9.7 

+  4.83  +11.7 

+  4.83  +11.4 

-4.S.-;  -11.3 


-r.,47  -rll.f, 

+3.49  +11.4 

+3.48  +11.5 

+  3.49  +11.0 


+3.92  +11.9 
+3.93  +11.6 
+  3.93  +12.0 


+  5  39  28.5  8.951  ,  0.682  +3.67  +12.9 
+  5  39  2S.0  9.082  I  0.683  ;  +3.68  +12.7 
+  5  23  14.9  I  8.591     0.684     +3.67  -M2.7 


+  5  38  33.8 !  8.800     0.682  ;  +3.77  +  8.3 


+  38  10  13.0  718.959  I  9.142 
+  38  14  32.6  ;i9.340  I  9.587 
+38  14  34.3  H9.256  I  9.454 


+5.15  +  1.7 
+6.17  +  3.1 
+  5.17  +   3.2 


+  24  56  12.7;h6.409  I  0.321  I  +4.52  -    1.9 


+ 15  51  34.6  «9.392  j  0.567 
+  16  9  37.9  8.761  |  0.530 
+  16  19  53.3;  8.006  I  0.526 


+  1.25  -12.0 
+  1.2S  -12.1 
+  1.28  -12.0 


+   9  10  43.6  «9.59S  1  O.KK     +1.17  -10.8 


-   1  58     9.2.  9.110     (•.7.'.7     +1.44  -12.3 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


* 

a 

s 

Authority 

* 

a 

8 

Anthority 

1 

1  46  55.83 

+  7  35  30.0 

Leipzig  II,  A.G.  704 

IS 

2  39  15.42 

+  14' 

54  20.4 

Leipzig  I.  A.G.  801 

2 

1  46  41.28 

+  7  6  2.1 

"   703 

*19 

2  41  52.51 

+  14 

54  11.9 

Veroff.,  Bonn.  No.  4* 

3 

1  43  37.89 

+  7  12  23.1 

"      "  676 

20 

2  38  52.73 

+  14 

39  51.7 

Leipzig  I.  A.G.  800 

4 

1  44  53.99 

+  6  44  54.4 

"   685 

21 

2  18  6.12 

+  5 

41  12.4 

Leipzig  II,  A.G.  888 

5 

1  41  23.78 

+  6  35  51.4 

"  667 

')•) 

2  21  12.00 

+  5 

51  40.9 

"  908 

6 

2  33  24.20 

+  5  52  14.0 

"       "   975 

'_'.'! 

2  15  20.36 

+  5 

26  33.5 

•'  870 

7 

2  38  47.77 

+  5  51  1.4 

••  1000 

24 

3  13  19.31 

+  5 

35  37.2 

"  1226 

8 

2  35  11.86 

+  5  41  55.8 

"   984 

25 

4  21  54.94 

+  38 

13  27.5 

Lund.     "  2249 

9 

2  36  4.34 

+  5  39  37.4 

"   989 

26 

4  13  40.68 

+  38 

7  59.3 

"  2207 

10 

2  47  30.12 

+39  52  55.3 

Lund.  A.G.  1474 

27 

4  12  39.52 

+  38 

7  0.8 

"  2198 

11 

2  37  59^09 

+  39  29  43.8 

'•   13()U 

28 

4  52  16.75 

+  24 

54  9.0 

Berlin  B,   "  1581 

12 

2  40  0.08 

+39  26  20.0 

"   1381 

29 

8  26  19.68 

+  15 

45  16.7 

"   A,   "  3378 

13 

2  41  16.97 

+  39  30  46.3 

"   1403 

30 

8  22  22.34 

+  16 

12  4.6 

"  3342 

14 

2  32  22.23 

-  4  19  29.1 

Strassbuig,  A.G.  Zones 

31 

8  22  31.07 

+  16 

20  50.9 

"  3345 

15 

2  28  28.43 

-  4  15  47.2 

i<     (.    li 

32 

10  20  14.83 

+  9 

16  5.6 

Leipzig  II,  "  5470 

16 

2  26  47.17 

-  4  24  17.0 

U                        U                11 

33 

10  6  11.69 

-  1 

56  49.7 

Nicolajew,  "  3011 

17 

2  21  34.63 

-  4  18  34.5 

"      "    " 

*The  declination  of  Star  No.  19  in  Leipzig  I,  A.G.  is  wrong  by  about  6'. 

The  star  places  from  tlie  Strassburg  Zones  were  furnislied  througti  the  courtesy  of  the  Director  of  the  Observatory  at  that  place. 
The  above  planets,  with  the  exception  of  (57)  Mnemosyne  ami  (17)  Thetis,  were  found  photographically  by  Mr.  G.  H.  Peteks. 


OBSERVATIONS   OF  COMET  1904  e  (hourelly), 

MADE   WITH   THE   26-INCH    EQUATORIAL   AT   THE   U.S.    N.WAL   OBSEHVATOKY,    liY    J.    C.    HAMMOND. 

fCommunicated  by  Kear-Admiral  C.   M.  Chester,  U.S.X.,  Superintendent.] 
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31 
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2 

30 
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1 

2.0 
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13 

30.1 

9.188 
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+  2.86 
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Jan.  1 

7  12  44 

3 

25 

5 

+  1  24.62 

+ 

1 

41.1 

17  38.71 

7 

25 

45.1 

8.892 

0.801 

-0.15 

-9.0 

1 

7  27  16 

4 

25 

5 

-1  54.19 

_ 

0 

29.2 

17  39.56 

_  7 

25 

15.6 
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0.800 

-0.12 

-9.2 

2 
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5 

30 

6 

+2  28.61 
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29.8 
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37 

1.8 
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4 
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6 

30 

6 

-r  16.73 

— 
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21  44.07 
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59 

41.6 
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7 

20 

4 
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+ 

2 

30.1 
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44 
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-8.0 

20 

7  13  18 

8 

20 
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_ 

0 

12.0 

47  55.03 
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35 

29.8 

9.219 
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7  11  21 
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20 
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25.2 
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25 
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1  27.47 
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10 
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5 

6  2.67 
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6 
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6 
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+  45 
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0.436 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 


Authority 


Authority 


1  15 
1  14 
1  1() 
1  19 
1  16 
1  23 
1  33 
1  40 

1  5.S 

2  0 


2  26 
2  42 


48.56 

7.13 

14.24 

33.87 

30.16 

0.92 

1.06 

58. 9S 

0.21 

35.53 

42.95 

52.03 

50.42 

50.78 

29.07 

59.38 

16.48 


-  6 

-  4 

-  1 
+  7 
+  11 
+  12 
+  13 
+  14 
+  16 
+  18 
+  20 
+  21 
+  24 


55 

5.3 

12 

38.0 

27 

17.2 

24 

37.2 

39 

22.8 

57 

39.2 

47 

16.4 

35 

47.9 

53 

22.9 

38 

7.3 

14 

14.9 

50 

5.2 

52 

32.4 

8 

54.8 

4 

52.5 

54 

50.0 

17 

57.3 

Wien,  A.G.  271 

"  263 
"         "     272 

"     284 

■'  274 
Strassburg,  A.G.  Zones 


Xicolajew, 

Leipzii;  II. 

1, 


Berlin  A, 


Berlin  B, 


317 
7iU 
(112 
622 
644 
654 
634 
648 
677 
768 
834 


6  17 
6  22 
6  50 

6  57 

7  57 

8  4 
8  11 


12.42 
34.33 
14.75 
38.20 
3.46 
2.19 
40.70 
29.08 
52.75 
47.80 
33.95 
13.60 
41.27 
12.06 
19.82 
55.35 
10.27 


+  29 
+30 
+32 
+40 
+  41 
+  41 
+  41 
+  42 
+  42 
+  43 
+  45 
+  44 
+  45 
+  45 
+  44 
+  43 
+  43 


22.3 
18.1 
51.7 
29.4 
16.1 
39.3 
52.6 
45.1 
56.3 
50.2 
57.9 
11.8 
4.5 
10.5 
17.1 
18.2 
34.4 


Cainb.,  Eng.,  A.G.  1598 

Leiden,  A.G.  1245 

Leiden,  A.G.  1318 

Bonn,   "   379" 

«     '•   3940 

"     "   4(111 

"   4040 

"     '•   4103 

"     "   4216 

•'     "   4.521 

«     «   5214 

"     "   5269 

"     "   5632 

•'   5717 

i;:;r,(; 

I   ..    ..  .;4;;6 

1   "     ••   6497 


*Star  Xo.  11  is  double.     The  n.f.  component,  was  used  in  observing,  wliile  the  position  of  the  mean  is  given   in   the  catalogue. 

A  correction  of  +0».17  in  u,  and  +1".2  in  8,  was  applied  to  tliis  mean. 

t  The  declination  of  this  star.   Xo.  27,  is  one  minute  wrong  as  published  in   the   Bonn  A.G.  Catalogue.      The  observations  of  May 
21,  23  and  24  were  exceedingly  ditlicult. 

The  star  place  from  the  .Strassburg  Zones  was  funiishcil  through  the  courtesy  of  the  Director  of  the  Observatory  at  this  place. 


OBSERVATIONS   OF   COMET  1905  cl  (giacojiim), 

MADE    WITH   THE   26-INCH    EQUATOHIAL   AT   THE    U.  S.    NAVAL   OBSEEVATOKY,    BY    J.    C.    HAMMOND. 

[Communicated  by  Rear-Admiral  0.  M.  Chesteis,  U.S.X.,  Superintendent.] 
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Mean  Places  of  Comparison- Stars  for  the  beginning  of  the  year. 
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199-1 

14 

8  44  53.40 

+  46  17  18.1 

«         "     6809 

(> 

6  10  40.05 
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+  49  :^:^  19.9 

l/Bonn.  A.C.TTJl-i-            \ 

7 

6  16  42.85 

+  20  55  19.5 
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1 

Comparison-star  Xo.  17  is  given  as  B.D.  +48°'2076  in  the  Bonn  A.G.  Catalogue.     It  should  be  B.D.  +49*2076. 


J'.ir. 


THE     AiSTKd  N  (I  \1 


N  A  I.. 


OBSEKVATJOXS   OF   THE   SATELLITES   OF   .1  UP  IT  Eli   IX   lltOL 

MAIilC    WITH    TIIK    12-INCn    El^lATllIlIAI.    AT   TIIK    I.  S.    XAVAI,   Ollsr.lt  VATOHY, 
l!v    II.     \..    KICK. 

[Comimmicateil  by  Hcar-Adiniral  C.  M.  Ciir.sTEii,  U.S.N..  Superinlemlent. ] 
Fositioii-augles  were  always  taken  about  the  inner  satel-   I   measurements  in  distance.     Tlie  latter  also  comprise  eight 
lite  of  each  pair.     lu  general,  the  observations  in  ^*  con-  j   measurements,  four  on  each  side  of  coincidence.  Bright  wire 
sist   of    eight   settings,   half    before   and   half   after   the   |   illumination  was  employed  throughout  the  entire  series. 
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10 
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23 

24 

9  23  22 

152.95 

9  23  30 

8.01 
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16 
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11 
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27 
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21 
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7 

22 
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11 
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26 

5 
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23 
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27 

7 
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9 

26 
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9.07 

28 

9 
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14 
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15 
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lo 
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11 
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25 

31 
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6 

21 
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13 
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26 
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7 

oo 
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11 
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27 

5 
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8 

23 
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11 
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28 

6 
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9 

26 

11  10  38 
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11 
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29 

7 

8  1  43 
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10 
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10 
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30 

9 
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11 
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10  30  35 
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10 
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31 

15 
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12 

4 
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9 

52  35 
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32 

16 
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10  52  45 
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13 

7 
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10 
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33 

19 

10  14  29 
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14 

10 
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65.60 

9 
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34 

21 
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60.76 
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14 
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10 
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35 

28 
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16 

15 
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9 
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36 

30 
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17 

16 
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10 
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37 
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17 
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9 
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38 

16 
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19 

18 
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8 
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39 
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20 

19 
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11 
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53.15 

40 

30 
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242.07 

7  6  26 
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1 
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11  27  42 
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11 
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III. 

7 
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2 

4 
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11 
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8 

21 
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3 

7 

13  32  0 

246.36 

13 
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9 

22 
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4 

10 
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10 

23 
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25 
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6 

15 
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10 
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12 

30 
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MAXIMA   OF   LOXG-PEKIOI)   VAKIAHLES, 

By   IDA   WHITESIDE. 


The  times  of  maxima  of  the  following  sixteeii  stars  were 
determined  from  the  single  light-curves  deduced  from  ob- 
servations made  at  the  Vassar  College  Observatory  :  — 

103.      T  A  11(1  w  III  edae. 

The  last  maximum  of  this  star  occurred  Jan.  23,  1905, 
at  which  time  the  star's  magnitude  was  8". 4.  This  date 
and  value  were  deduced  from  nine  observations,  beginning 
Dec.  9,  1904,  and  ending  ilarch  15,  1905.  The  date  of 
maximum  predicted  in  Chandlek's  "  Ephemerides  of  Long- 
Period  Variables"  was  Dee.  17,  1904.  The  observations 
indicate  that  the  maximum  did  not  occur  at  that  time,  and 
the  true  date  is  probably  not  far  from  that  given  (Jan.  23, 
1905). 

782.     R  Ai-ivtis. 

From  seventeen  observations,  the  maximum  of  this  star 
was  found  to  be  S".0  on  December  19,  1901.     The  obser- 


vations extended  from  Oct.  16,  1904.  to  2ilarch  6.  19ii5, 
and  were  well  scattered  along  the  curve.  This  date  agrees 
exactly  with  that  of  the  predicted  maximum  (Dee.  19, 
1904). 

1623.     T  C<ii,ittop,ird,iI!s. 

Twelve  observations  of  this  star  was  made,  covering  the 
period  from  Nov.  26. 1904,  to  Apr.  15, 1905.  The  star  varied 
but  0''.7  during  that  time.  The  curve  showed  a  fairly 
well-determined  maximum  of  8". 2  on  Feb.  27,1905.  The 
predicted  maximum  was  February  24,  and  a  slight  change 
iu  the  curve  would  bring  the  observed  maximum  on  the 
same  date. 

7045.     li  Ci/i/ni. 

From  twelve  observations,  the  nuisimum  of  this  star  was 
found  to  be  7".4  on  Dee.  15,  1904.  The  observations  ex- 
tended from  Oct.  15.  19tM.  to  De.-.  21,  l'.>04.     The  curve 
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rose  quite  sharply  until  Nov.  20.  The  magnitude  then 
remained  nearly  stationary  until  Dec.  1.  From  that  time 
it  again  rose  abruptly  to  the  maximum.  But  one  obser- 
vation occurs  after  the  observed  maximum,  as  the  star  was 
approai'liing  the  horizon.  Tlie  i)redicted  maximum  was 
Dec.  21,  1904.  If  more  observations  had  been  made  the 
maximum  might  have  been  found  nearer  the  predicted 
time. 

708.-).     BT  C  11(11)  i 

From  ten  observations  the  maximum  of  this  star  was 
determined  as  6". 6  on  Nov.  7,  1904.  The  observations  ex- 
tended from  Oct.  1,  1904,  to  Dec.  21,  1904.  This  date 
of  maximum  Nagrees  fairly  well  witli  the  predicted  time 
(Nov.  (>,  1904). 

7120.     X  Cirjni. 

The  maximum  of  this  star  as  deduced  from  ten  observa- 
tions was  4". 4  on  Dec.  17, 1904.  The  observations  covered 
the  time  from  Nov.  21,  1904,  to  Jan.  2,  1905,  and  were 
well  distributed  along  the  curve.  The  adopted  curve  leaves 
little  doubt  regarding  the  above  date,  although  it  differs 
thirteen  days  from  that  predicted  (Dec.  4, 1904). 

S0G8.  aS  Lacertae. 
Six  observations  of  this  star  determine  the  maximum  as 
8".l  on  Feb.  13,  1905.  The  predicted  time  was  Dec.  29, 
1904.  Though  there  were  onlj-  a  few  observations,  they 
were  evenly  distributed  from  Oct.  28, 1904,  to  Feb.  24. 1905. 
The  curve  rose  very  slightly  before  Jan.  14, 1905,  and  then 
more  rapidly  to  the  maximum. 

1222.  R  Persel. 
The  maximum  of  this  star,  8".2,  occurred  on  Nov.  18, 
1904.  There  were  thirteen  observations,  extending  from 
Oct.  29,  1904,  to  Feb.  3,  1905.  The  maximum  predicted 
was  for  Nov.  26,  1904.  The  observations  were  so  situated 
as  to  give  a  well-determined  curve. 

1717.      V  r,niri. 

This  star  had  a  maximum  of  S".S  on  Nov.  10,  1904. 

The  observations,  eleven  in  number,  extended  from  Nov.  3, 

1904,  to  Feb  3, 1905,  and  gave  a  well-determined  maximum, 

which  agrees  fairly  well  with  that  predicted  (Nov.  12,1904). 

4557.      S  Ursae  Mojoris. 
From  thirteen  observations  of  this  star,  the  maximum 
was  found  to  be  7 ".4  on  Jan.  14,  1905.     The  observations 
extended  from  Oct.  15, 1904,  to  March  13,  1905.     The  pre- 
dicted date  of  maximum  was  Jan.  9,  1905.     As  there  were 
Vassar  CoUerie  Observatory,  1905  April  29. 


no  observations  immediately  jjreceding  maximum,  the  date 
determined  is  somewhat  doubtful,  and  the  predicted  date 
is  very  possibh-  correct. 

4511.      T  Crsnc  Mnjoris. 

A  maximum  of  this  star  occurred  on  March  2,  19(15. 
The  star  rose  to  7".l.  This  maximum  was  determined 
from  seven  observations  quite  evenly  distributed  between 
Jan.  28,  1905,  and  April  15,  1905.  The  predicted  time  of 
maximum  was  Feb.  15,  1905,  at  which  time  its  magnitude 
was  about  7.5. 

5r)01.      S  Ursae  Minoris. 

Six  observations  of  this  star  were  made  between  Nov.  28, 
1904,  and  Feb.  27,  1905,  only  one  of  which  preceded  maxi- 
mum.    The  curve  showed  a  maximum  of  7". 8  on  Dec.  5, 

1904,  instead  of  on  the  predicted  date  (Dec.  8,  1904). 

The  maxima  of  the  three  following  stars  were  determined 
by  the  subtangent  method  used  by  ^Ir.  Parkhurst  {A.J., 
No.  400),  as  the  observations  were  all  on  one  side  of  maxi- 
mum. The  results  are.  therefore,  subject  to  considerable 
error. 

2G25.      V  Geminorum. 

Eight  observations  of  this  star,  made  between  Jan.  14, 

1905,  and  ]March  14,  1905,  all  followed  maximum.  The 
subtangent  method  gave  a  maximum  of  9*'.l  on  Jan.  4, 
1905.     The  predicted  time  of  maximum  was  Jan.  16, 1905. 

8373.     S  Peridsi. 

The  observations  of  this  star,  extending  from  Sept.  26, 
1904,  to  Dec.  21,  1904,  all  preceded  maximum.  After  the 
last  date,  the  star  was  so  near  the  horizon  that  no  more  ob- 
servations could  be  made.  The  deduced  maximum  was 
8".4  on  Dec.  22,  1904.  The  predicted  maximum  was  for 
Nov.  30,  1904. 

1577.     /■'  T,r„rl. 

All  the  observations  of  this  star  were  made  after  the 
maximum  was  past.  Thej-  extended  from  Dec.  9,  1904,  to 
Feb.  24, 1905,  and  were  ten  in  number.  They  gave  a  maxi- 
mum of  8".l  on  Nov.  29,  1904.  The  predicted  maximum 
of  Jan.  16, 1905,  was  apparently  wrong,  as  the  curve  slopes 
continuously  from  the  first  to  the  last  observation. 

1805.  r  Orionis. 
Six  observations,  extending  from  Dec.  IS,  1904,  to  !March 
14,  1905,  showed  that  the  maximum  probably  occurred 
near  the  predicted  time,  Dec.  17,  1904.  On  Dec.  18,  the 
observed  magnitude  was  9.5.  On  the  last  date  it  was  be- 
low 11.5  magnitude. 
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ON   THE  LIGHT- VARIATIONS  OF  2279  T  MOJS'OCEROTIS, 

By  PAUL  S.  YEXDELL. 


The  variability  of  this  star  was  discovered  at  Cordoba 
ill  1871,  by  Gould,  the  first  notice  of  it  being  published 
in  the  American  Journal  of  Science  for  December,  1872. 
It  appears  in  Schonfeld's  Second  Catalogue,  in  1875. 

In  the  notes  to  the  latter,  p.  33,  Schonfeld  gives  a 
mean  light-curve  from  seventy-four  observations,  which  is 
the  only  published  one  that  has  come  to  my  knowledge. 
He  remarks  :  "  Greatest  and  least  brightness  fluctuate  about 
a  couple  of  steps."  He  also  notes  the  color  as  "gold-yellow." 
<Jhaxdler,  in  his  First  Catalogue  of  Variable  Stars,  gives 
it  an  estimated  coloration  of  2.  I  have  not  observed  it  for 
color. 

The  period  of  this  star,  27''.0122,  places  it  on  the  limit 
of  the  stars  that  can  be  distinctly  classed  as  of  short 
period.  I  have  found  no  evidence  of  irregularity  or  peri- 
odic inequality  in  this  period. 

The  star,  however,  as  will  be  seen  from  the  evidence 
presented  below,  is  hardly  of  the  usual  short-period  type 
of  variable,  its  light-changes  more  nearly  resembling  those 
of  7437  X  Ci/t/ni,  as  its  light-curve  is  not  constant  in  dif- 
ferent periods. 

I  began  observing  T  Monocerotis  in  the  late  winter  of 
1888-89,  and  followed  it  up  as  closely  as  circumstances 
permitted  until  the  season  of  1897,  when  the  observations 
became  less  continuous.  There  has  been  no  year,  however, 
during  which  it  has  been  entirely  neglected. 


In  the  Spring  of  1904  the  observations  had  accumulated 
to  the  number  of  ratlier  more  than  five  hundred,  and  it 
seemed  probable  that  they  would  furnish  material  for  a 
mean  light-curve  of  a  somewhat  definitive  character. 

They  were  accordingly  assembled  in  the  order  of  their 
T—t,  as  deduced  from  comparison  with  the  computed 
times  of  maxima  from  my  elements  adopted  by  Chaxdler 
in  his  Third  Catalogue,  and  from  which  I  found  no  reason 
for  departing.  Grouping  them  in  twenties,  there  were 
found  to  be  five  hundred  and  thirty  observations  in  all, 
from  which  were  formed  twenty-six  normals  of  twenty 
observations  each,  and  one  of  ten. 

The  comparison-stars  and  light-scale  used  are  shown  in 
the  following  table.  The  adopted  magnitudes  are  those  of 
the  Potsdam  Photometric  Durchrausterung  for  the  stars  a. 
h  and  (/,  and  for  the  fainter  stars  e  and  /,  as  also  the  star 
g,  used  by  myself  for  a  few  comparisons,  values  found 
from  the  step-value  indicated  by  the  first  three,  whose  in- 
tervals corresponded  closely  with  their  Fotsdnm  Ihtrch- 
musterung  magnitudes,  which  step-value  was  C.GSQ.  The 
magnitudes  found  by  extrapolation  from  the  use  of  this 
step-value  with  their  places  in  the  step-scale  are  in  fair 
accordance  with  those  of  the  livuti  Durc/nnusferiing,  and 
have  been  retained. 

The  stars  e  and  g  are  both  coarse  pairs,  which  tell  as 
single  stars  in  the  field-glass  used  in  the  observations. 


Com 

■arison-Staks. 

DM  5  1168 

6  1 1 72 

7  1216 

a 

6'  g'^'io'ii 

7  54.0 
9     9.2 

1S55 

^  IM)M. 

5.98 
6.40 
6.79 

V. 

5!'9S 
6.40 
6.90 

d 

0* 

-°  8.6 

6  6.4 

7  (1.2 

M 

6.5 
7.3 
7.5 

Light 

24.0 
19.2 
13.7 

e 

7  1312 
1314 

22     0.2 
22     7.(1 

7  i.;.7 

12.1 

S..-i ) 
8.2  ,- 

7.45 

7.4 

f 

8  1367 

22  1(1.1 

8     O.o 

7.8 

7.73 

4.0 

il 

6  1203 
12o4 

20  18.1 
20  24.7 

6    o.r. 

2.4 

7.8) 
7.9  » 

7.05 

11.9 

(190) 


200 


THE     ASTRONOMICAL     JOURNAL. 


N»  576 


The  normals  found  are  displayed  in  the  subjoined  table, 
where  the  heading  T—t  signifies  the  time  from  the  previ- 
ous computed  maximum,  St.  the  step-value  of  each  normal, 


e  its  probable  error,  and  v  its  departure  from  the  curve  as 
finally  drawn. 


T.vBLE  or  Normal  Lights. 


T—t 

St. 

e 

V 

0.262 

20.97 

0.37 

+  0.03 

1.042 

20.54 

0.32 

-0.36 

1.984 

2(1.27 

0,40 

+  0.07 

2.936 

18.03 

0.56 

-1.33 

3.893 

17.52 

0.38 

-0.82 

5.104 

18.07 

0.36 

+  0.96 

6.264 

16.56 

0.27 

+  0.78 

7.404 

1  4.6.'! 

0.53 

+  0.03 

8.592 

13.65 

0.53 

+  0.14 

9.801 

11.97 

0.49 

-0,23 

10.953 

11.61 

(1.47 

+  ().5(; 

12.196 

9.76 

0..32 

-0.17 

13.394 

8.90 

0.42 

+  0.10 

14.429 

8.52 

0.30 

+  0.42 

The  mean  departure  of  the  normals  from  the  curve  is 
0.39.  The  mean  probable  error  of  a  single  normal  is  found 
to  be  0.40,  and  of  a  single  observation  as  found  from  the 
normals,  1.79.  These  quantities  are  unsatisfactorily  large, 
and  seem  to  indicate  that  the  light-curve  is,  as  remarked 
above,  not  constant  in  different  periods,  and  that  in  conse- 
quence no  mean  light-curve  of  the  star  can  be  of  great 
value.  This  impression  is  distinctly  confirmed  upon  plot- 
ting the  single  light-curves  together,  by  which  mean 
differences  between  the  successive  curves,  far  too  great  to 
be  entirely  attributable  to  observational  errors,  are  strongly 
brought  out.  This  inference  is  also  confirmed  by  the  fact 
that  the  probable  error  of  a  single  observation  of  two  com- 
parisons (which  is  about  the  mean  used  by  me)  found  from 
the  observations  by  themselves,  is  0.4. 

The  observed  brightness  of  the  star  at  its  maxima  ranges 
from  5". 80  to  6^.36  ;  at  minimum,  from  7".43  to  7". 84. 

The  curve  plotted  from  the  above  normals  shows  a  max- 
imum of  6".24  at  0''.438  after  the  computed  time;  in  view 
of  the  facts  just  stated,  however,  this  would  not  seem  to 
indicate  any  certain  correction  to  the  elements  used. 

The  decrease  is  regular  and  nearly  uniform  to  a  minimum 

of  7''. 54,  which  falls  17'».10  after  the  maximum,  making 

the  interval  from  minimum   to   maximum  9''.912.     This 

agrees   with    my   observations,    according   to    which    the 

horchester,  190.5  April  S. 


T—t 

St. 

e 

V 

15.250 

7.58 

0.28 

+  0.27 

16.126 

0.52 

().;!1 

-0.;!4 

17.094 

6.53 

0.40 

-0.07 

18.036 

6.99 

0.38 

+  0.39 

19.096 

6.61 

0.31 

-0.29 

19.954 

7.69 

0.39 

+  0.35 

20.842 

8.14 

0.39 

+  0.16 

21  8.32 

8..58 

0.40 

-0.35 

23.040 

9.49 

0.39 

-1.11 

23.884 

12.79 

0.45 

+0.19 

25.095 

17.13 

0.43 

+  0.54 

26.206 

19.. 38 

0.43 

-0.32 

26.865 


20.63 


0.39         -0.25  lOobs. 


minima  generally  fall  early  by  comparison  with  the  com- 
puted .times.  The  first  half  of  the  increase  is  slow,  the 
last  half  quite  rapid,  and  the  maximum  pretty  sharply 
marked.  This  latter  phase,  however,  in  the  single  curves, 
is  quite  irregular,  the  maxima  being  often  very  flat,  as  in- 
dicated in  Schonfeld's  mean  curve,  above  referred  to. 

The  readings  from  the  mean  light-curve  are  shown  in 
the  following  table. 

The  data  are  from  the  time  of  maximum  shown  by  the 
plotted  curve.  The  column  headed  St.  contains  the  step- 
values,  that  headed  M  the  magnitudes  on  the  adopted 
scale. 

Readings  from  Meax  Light  Curve. 


d 

St. 

M 

il 

St. 

M 

0 

21.00 

6.24 

15 

7.33 

7.46 

1 

20.58 

6.28 

16 

6.77 

7.50 

2 

19.80 

6.35 

17 

6.55 

7.53 

3 

18.81 

6.43 

17.1 

6.50 

7.54 

4 

17.73 

6.53 

IS 

6.74 

7.51 

5 

16.65 

6.63 

19 

7.09 

7.48 

6 

15.58 

6.71 

20 

7  72 

7.42 

7 

14.55 

6.82 

21 

sieo 

7.34 

8 

13.55 

6.91 

22 

9.73 

7.24 

9 

12.55 

7.01 

23 

11.68 

7.07 

10 

11.55 

7.09 

24 

14.43 

6.84 

11 

10.59 

7.17 

25 

17.70 

6.53 

12 

9.72 

7.24 

26 

20.08 

6.32 

13 

8.85 

7.32 

•->- 

21.00 

14 

8.09 

7.39 

THE  VARIABLE   STAE    Z  CiEMINORUM  =  9.1903, 

By  J.  A.  PAEKHURST. 

The  identification  of  this  star  has  been   disputed,  the   I  of  position  and  magnitude  are  offered  towards  the  solution 
position  variously  given,  and  the  observations  to  prove  the   |  of  the  problem, 
variation  not  published  ;  hence  the  following  observations 


The  positions  were  measured  with  a  Geertner  machine 


x°- 
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on  a  photograph  taken   1904  December  30,  with  30  cm. 
aperture  on  the  60  cm.  reflector,  focal  length  2.35  meters. 


They  are  based  on  the  A.G.  Catalogue  places  of  Berlin  B, 
2775,  2777,  2778  and  2792. 


1900 

Coord,  from  R  Geminorum  1 

Star 

B.D. 

A.G. 

Mag. 

li.A. 

Decl. 

R.A. 

Decl. 

7" 

+22° 

H 

3 

+  22°1576 

2775 

8.40 

1  17.32 

39  47.7 

-O""  2*87 

-lino's 

H 

0 

+  22°1575 

2777 

1  18.50 

31  43.2 

-0     1.65 

-19  45.1 

R 

+  22°1577 

2778 

1  20.17 

51  28.9 

0 

0 

H 

37 

_ 

_ 

11.59 

1  27.59 

37  51.7 

+  0     7.44 

-13  36.8 

H 

Al=Z 

+22°1579 

2788a 

11.6± 

1  35.74 

40  59.5 

+  0  15..59 

-10  29.0 

H 

24 

- 

2792 

- 

1  48.36 

43  24.8 

+  0  28.27 

-  8     3.9 

P 

1 

_ 

13.73 

1  34.17 

39     4.5 

+  0  14.02 

-12  24.0 

P 

2 

- 

- 

13.96 

1  34.62 

39     9.6 

+  0  14.47 

-12  18.9 

P 

3 

- 

_ 

14.19 

1  35.73 

39  30.0 

+  0  15.58 

-11  58.5 

P 

4 

- 

- 

14.31 

1  36.84 

40  10.2 

+  0  16.69 

-11  18.3 

P 

5 

- 

- 

12.97 

1  41.09 

40  30.8 

+0  20.94 

-10  57.7 

In  the  first  column  H  stands  for  Hagex,  and  P  for 
Parkhubst.  The  magnitudes  are  the  result  of  photometer 
measures  based  on  the  following  four  stars  found  in  both 
the  Potsdam  and  Harvard  photometric  catalogues. 


H.C.0.45 

Potsdam 

Color 

A 

+  22°1558 

7.28 

7.59 

WG 

B 

+  22°lo66 

5.94 

6..33 

W-(- 

C 

+  24°1531 

0.90 

7.04 

WG 

D 

+  21''1528 

6.46 

6.62 

WG 

The  magnitudes  in  the  table  are  given  on  the  Potsdam 
scale. 


-  -m' 


The  star  Hagen  44  was  selected  at  Harvard  in  1900  as 
one  of  the  12th  magnitude  stars  in  the  7i  Geminorum  field, 
for  tlie  work  of  determining  standards  for  faint  stellar 
magnitude  participated  in  by  Harvard,  McCormick,  Lick, 
Yerkes  and  Halsted  (Princeton)  observatories.  In  ac- 
cordance with  the  scheme  for  cooperation  directed  by  Pro- 
fessor PicKERixG,  this  star  has  been  measured  since  1900 
at  all  these  observatories,  in  addition  to  the  estimates 
made  by  Hagex  in  preparing  his  Atlas  Stellartim  Tarin- 
biliiim  for  the  Ji  Geminorum  field.  In  the  catalogue  sheet 
Hagen  has  the  footnote  : 

"BD. +22''1579,  9". 5,  =  +16*,   — 8'.9  nunquam  visa.'' 

He  also  expressed  to  the  writer  the  opinion  that  his  star 
44  was  not  identical  with  the  variable  Z  Geminorum,  but 
when  the  substance  of  this  note  was  communicated  to  him, 
he  concluded  that  the  two  stars  were  probably  identical. 
The  doubt  arose  from  the  difference  in  the  declination  co- 
ordinates.    The  B.D.  place 

+  22''1579  6"58'"52!7  +22  46.5  (1855) 

corr.  for  precession,  gives         7     1  35.3  +22  42.6  (1900) 

while  the  place  of /?,                 7     1  20.2  +22  51.5  (1900) 

gives  coordinates  of  Z  from  A',     +0  15.1  —   8.9  (190(ii 

The  plate  coordinates  of  Z are    +0  15.6  —10.5 

Hagen's  coordinates  of  44  are   +0  15  —11.4 

so  that  the  Hagen  place  of  44  differs  2'.5  from  the  B.D. 
place  of  +22°1579. 

Lest  the  star  marked  Z  on  the  accompanying  small  chart 
should  not  prove  to  be  the  variable,  I  have  measuretl  the 
places  and  magnitudes  of  the  stars  /'  1  to  P5,  in  the  above 
table,  but  have  only  numbered  the  Hageu  stars  in  the 
vicinity  of  Z  on  the  chart. 

The  following  table  gives  the  observed  magnitudes  of 
44  =  Z.  In  column  7,  p  stands  for  photometric,  ph  for 
photographic  measures,  v  for  vi.sual  comiMrisons. 
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Obskrved  Magnitudes  of  Z  Geminorum. 


1900 

J.D. 

Aper- 
ture 

Mag. 

Seeing 

1 

Oct.   23 

5315.83 

102 

11.63 

p 

fair 

2 

24 

5317.79 

102 

11.97 

P 

fair 

3 

Mar.  25 

5834.59 

60 

12.4 

ph 

fair 

4 

Jan. 16 

6131.59 

102 

11.79 

p 

fair 

5 

Feb.  18 

6164.71 

102 

11.66 

P 

good 

6 

Jlar.    8 

6548.64 

30 

11.95 

P 

good 

7 

19 

6559.63 

30 

11.91 

V 

fair 

8 

May  ^? 

6602.61 

30 

11.98 

P 

fair 

9 

3 

6603.60 

30 

11.97 

P 

fair 

10 

Dec.    4 

6819.67 

30 

1J.69 

V 

fair 

11 

30 

6845.67 

30 

12.2 

ph 

fair 

12 

Jan.    3 

6849.70 

102 

11.72 

P 

good 

13 

Apr.    3 

6939.67 

30 

11.71 

v' 

clouds 

14 

7 

6943.58 

15 

11.74 

V 

good 

15 

8 

6944.58 

102 

11.84 

V 

fair 

16 

11 

6947.56 

102 

11.74 

V 

moon 

17 

21 

6957.69 

15 

11.74 

V 

good 

18 

22 

6958.63 

102 

11.85 

P 

dull 

R 
12.10 

Z 
12.25 

11.55 

12.13 

0.55 

0.12 

No  confirmation  of  variability  can  be  found  in  the  above 
table,  the  range,  11.63  to  11.98,  being  scarcely  greater  than 
can  reasonably  be  attributed  to  extreme  conditions  of  see- 
ing. The  color  of  the  star  is  slight,  the  magnitudes  found 
on  the  photographs,  observations  11,  being 


Ordinary  plate, 
Isochromatic  plate. 
Color  effect. 


In  view  of  the  use  which  has  been  made  of  this  star  as  a 
standard,  it  is  especially  desirable  that  all  observations 
should  be  promptly  published,  so  that  its  behavior  since 
IPOO  can  be  known.  As  far  as  can  be  concluded  from  the 
observations  so  far  published,  it  seems  to  belong  to  the 
rather  numerous  class  of  9.5  magnitude  B.D.  stars  which 
are  now  between  11  and  12  magnitude,  and  not  sensibly 
varying  in  light. 

Yerkes  Observatory,  1903  April. 


XOTES   ON   VARIABLE   STARS,  — No.   41, 

Bi:  HENRY  M.  PARKHURST. 
Results  of  Observations. 


Observed  Date 

No. 

Star 

Phase 

Julian 

Caiendar 

E 

Corr. 

Wt. 

Mag. 

Factors 

Remarlis 

103 

T  Andromedae 

Max. 

6551 

Mar.   11 

63 

_ 

E 

_ 

_ 

_ 

<i 

1904  from  last  obsn.,  —9. 

103 

T  Andromedae 

Max. 

6832 

Dec.    17 

64 

_ 

E 

- 

- 

_ 

- 

Probably  later. 

976 

T  Arietis 

Min. 

4199 

Oct.       1 

29 

_ 

E 

- 

- 

- 

- 

1897  disappearance.                   | 

976 

T  Arietis 

Max. 

4326 

Feb.      5 

29 

- 

E 

- 

- 

- 

- 

1S98  only  one  obsn.                    | 

976 

T  Arietis 

Max. 

6527 

Feb.    16 

36 

+  10 

1 

- 

- 

- 

- 

1904  mean  of  two  highest  obs. 

976 

T  Arietis 

Max. 

6830 

Dec.    15 

27 

_ 

E 

- 

- 

- 

_ 

Probably  later.                           1 

1166 

X  Ceti 

Max. 

6497 

Jan.    17 

28 

E 

- 

- 

- 

- 

+  20  to  .50  days  probably. 

1577 

B  Taiiri 

Max. 

6534 

Feb.    23 

47 

-  3 

5 

- 

- 

- 

- 

1717 

V  Tauri 

Max. 

6441 

Nov.  21 

67 

-16 

9 

8.83 

0.44 

0.54 

11 

1903. 

1717 

V  Tunri 

Min. 

6704 

Aug.  11 

_ 

- 

- 

- 

- 

- 

- 

1904. 

1717 

V  Tauri 

Max. 

6802 

Nov.  17 

69 

+   5 

9 

9.13 

0.43 

0.37 

16 

1761 

R  Or  ion  is 

Max. 

6485.9 

Jan.      6 

47 

+  20 

5 

- 

- 

- 

- 

Period  214  days. 

2690 

Z  Piip2)is 

Max. 

6552 

Mar.  12 

17 

0 

9 

7.97 

2.67 

1.26 

2?> 

1 

2690 

Z  Puppis 

Min. 

6861 

Jan.    15 

19 

-   9 

- 

10.1 

- 

- 

- 

1 

2690 

Z  Pujjpis 

Max. 

6980 

May   14 

19 

- 

E 

- 

- 

- 

- 

Lost  in  the  west. 

3425 

X  Hydrae 

Max. 

6620 

May   19 

15 

- 

E 

- 

- 

- 

- 

Obsns  indicate  min. 

4315 

R  Com.  Ber. 

Max. 

6685.2 

July  23 

74 

+   5.8 

8 

- 

- 

- 

- 

2389906.3  A.J.  556. 

4573 

RU  Virginis 

Min. 

6708 

Aug.  15 

7 

- 

E 

- 

- 

- 

- 

A.J.  41.i. 

4596 

U  Vii-ginis 

Max. 

6632.6 

May   31 

67 

+  11.9 

9 

8.02 

0.50 

0.54 

27 

4665 

RT  Virginis 

Max. 

6635 

June    3 

5 

- 

- 

- 

- 

- 

- 

Highest  obs.  -  changes  slight. 

6132 

R  Ophiiichi 

Max. 

6738 

Sept.  14 

57 

+   6 

9 

6.32 

1.78 

0.98 

14 

6207 

Z  Ophilir/ii 

Max. 

6748 

Sept.  24 

12 

-18 

9 

8.66 

1.38 

2.86 

32 

6452 

RY  Here  11  lis 

Max. 

6662: 

June  30 

6 

- 

1 

- 

- 

- 

- 

Period  224  days. 

6682 

X  Ophiuchi 

Max. 

6736 

Sept.  12 

20 

-25 

9 

6.16 

1.23 

1.47 

29 

6892 

RX  Sagittarii 

Max. 

6750 

Sept.  26 

11 

-  4 

9 

9.42 

1.30 

1.13 

30 

6923 

Z  Sagittarii 

Min. 

5611 

Aug.  14 

11 

- 

E 

- 

- 

- 

- 

1901. 

6923 

Z  Sar/ittarii 

Max. 

6737 

Sept.  13 

13 

-  4 

9 

9.35 

1.64 

2.57 

32 

1904. 

7040 

RT  Aqnilae 

Max. 

6766 

Oct.    12 

16 

-64 

6 

7.5 

- 

- 

- 

Period  328  days. 

7056 

RV  Aqailae 

Max. 

6844 

Dec.    29 

15 

- 

E 

- 

- 

- 

- 

Not  seen  Oct.  to  Dec.  9. 
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Individual  Observations. 

Inclmling  observations  by  Artbcb  C.  Pekbt. 
(-  r,,»f/.  —  Cont.12690   Z  Puppis.  —  Cont.  io73  RU  VinjinU.-Cou. 


(Com  fiomsio.  Coini'-StarsS46)  Julian  Calendar 
Julian     Calendar        Mag.  1  1003 

1003  6462  Dec.    13 

6406     Oct.     18    11.8  to  low 

i,„u  6r)04  Jan.    24 

6498     Jan.    18      11.0]    y523  Feb.    11 


5  obsns. 


(Jo83 


6520 
6522 
6524 
67{)S 
678o 
6793 
6823 
6844 

6869 


6429 
6455 

6498 
6522 
6556 
6784 
6793 
6846 

(5907 


Feb. 

9 

10.7 

11 

10.2 

13 

9.51., 

Oct. 

14 

11.2] 

29 

11.2] 

Nov 

8 

11.2] 

Dec. 

8 

8.90„ 

29 

8.3 

Jan. 

so; 

23 

7.8 

976  T 

Ariei 

in. 

tiomSlO. 

Comp.Stars  403) 

1'.103 

)     Nov.  10 

9.06., 

)     Dec 

6 

9.0 

(i784 
-  (5785 
0792 
6796 
6799 
6800 
6801 
6812 
6819 
6823 
6846 


Apr.   12 

4  obsns. 

Oct.    30 

31 


Mag.    Julian     Calendar 

lyo5 

6888 
6898 
6903 
6904 
6908 
6916 
6928 
6928 


Mas 


9.32; 

12.1 

to 
12.] 


9.05. 
9.40. 


11 
14 


Jan.  18 
Feb.  11 
Mar.  16 
Oct.  30 
Nov.  8 
Dec.  31 


8.0 

9.7 

8.0 

8.11 

8.27.6522 

8.31  „  6556 


6466 
6467 
6471 


Nov.  7   9.13.,  6932 
9.33',  6933 
9. 21  o  6934 
9.07",  6936 
8.90^  6936 
9.47',  6937 
9.43:,  6938 
10.49,,  6938 
11.4  '6942 
6952 
1761  E  Orio7iis.        6954 

(Continued  from  540)  6955 

1003 

Dec.   1 


Dec. 


16 


18 


Feb.    11 
Mar.  16 


9  41,6958 
9 34" 6958 
<y.05:;  6959 
'6961 
9.5  6961 
10.] 


Feb.  11  9.9 

21  10.0 

26  9.85 

27  10.4P 
Mar.  3  10.0 

11  10.0 

23  10.3 

23  10.3P  ;6593 

27  9.7   6603 

28  9.6 

29  9.7 
31  9.7 
31  10.2P 

1  9.8 

2  9.6 
2  10.4P 
6  9.9 

16  9.8 

18  10.0 

19  10.1 
22  9.8 


Julian  Calendar 

6612  May*^ll 

6622  21 

6671  July  9 


Mag. 

10.5 
10.9 
10.9 


4596   U  Viryinis 

(Conl.from556.  Comp.Star84M) 
l«x 

6587     Apr.   16     10.3 
22     10.30, 
May     2 
11 
21 


66S2  A'  Ophiiuhi. 

(Cont.f  rom  563.  Comp.Stars  4JI 
Julian    Calendar       Mag. 
ivot 
Aug.  15 
24 
30 
Sept, 


Apr. 


6612 
6622 
6628 
6629 
6635 
6642 
,6665 
6670 


28 
June    3 

10 

July     3 

8 


6708 

6717 

6723 

6729 

6739         '     15 

6742  18 

6752  28 

9.71.6759     Oct.      5 

9.38*6769  15 

8.56o 

8  14^    6892  RX  Saijittarn. 

r-  Qo' (Cont.f rom  563.  Coinp.Surs421) 


7.22j 
6.90.. 
6.70.. 
6.49., 
5.41.. 
6.52J 
6.42j 
6.65., 
7.65, 


8.15.,  6708 
8.58.,  6717 
9.03.:6718 
9--"»  6723 
6729 
6739 


1901 

Aug.  15 
24 


30 


Sept. 


8.6 
9.0 


Oct. 


15 

28 

1 


8.3 


Mar.     2 
1166  A'  Ceti. 

CoiU  I'roin.MO.  Comi).Star8468)  6524 

6528 


2690  Z  Puppis. 

(Cout.from  540.  Conip.Stars403)  6583 

6584 


6752 
6755 
6761 

6770 
C1 1,9  ,._,.- 
■'•^-=61  10 
S.55 
8.94j      6923  Z  Saf/ittarii. 

CCont.from  482.  Comp. Stars 3)1) 


16 
21 


6498 
6499 
6522 
6792 
6793 

6847 
6908 


l'.«i4 

Jan.  IS 

19 

Feb.  11 

Nov.  7 

8 


Jan. 

Mar. 


11  4  1*^"^^ 
|.,t  6536 

-J  6538 
n'o"  6544 
■'■^--  6548 
10.64,6549 
9.6  '6553 


Feb. 


Mar. 


13 

17 
20 


6593 


8.3 

8.37, 

;  97 'p  6609 

fi^'oi     6623 


6455 
6463 
6464 


1577  R  Tauri. 

(Continued  from  540.) 

11)03 

Dec.  6 
14 
15 


11.] 


Apr. 


6522 
6524 


Fel).  11 

13 

Mar.  K; 


1717  V  Tauri 


6558 

6559 

6560 

6574 

10.54.,  6575 

10.54„  6576 

■  6583 

il-1  6591 

^■^^\  6823  Dec. 

10.2         ,, 

6847 


4665  RT  Vlrgink. 

(Continued  from  556.) 

IWM 

6587     Apr.    16       8.8 

22  10.3P  6612  May  11 

23  9.9  6622  21 
25  9.9  6629  28 
25  10.2p  6635  June  3 

3425  X  Hydme..        6671  July  9 

(Cont.from410.Comp.Stars350)        6132    R  Opfuuchi.       ;  ijoi 

.      1*"..)       ^^  ~       (Cont.froni 490.  Comp.Star9476)  5609      Aug.    12       tO 

13  11.9  6693  Julj^31 
22     11.7     6702     Aug.     9 

14 

21 

26 

Sept.    4 

8 

12 

16 

17 


10.84. 
10.]  " 
10.54., 
10.51., 
10.39.. 
9.41., 
9.10., 
9.38, 
9.79, 
lO.SOj 
10.62, 


5664 


May     8     11.7     6707 
22     11.2]  6714 
8.11.,       4315  R  Comae  Her.     6719 
S  03'p ''-'''"'■''"'""^^■^'""''■*""'*''"'  6728 
"•91a    6642.6  June  10    10.42,6732 


8.26., 
8.06.' 

^•Jj:6708 

'.•_••■  6711 
6 


Oct.      6 
6  obsns. 

Aug.  15 
18 


12.] 


.  ' '-'6718 
,.04,,.-., 


Jan. 


(Cont.froni  .'',40.  Comp.StarsSlS) 


6428 
6433 
()437 
()438 
(U.SO 
(i4l3 
6445 
6460 
6461 


Nov.  9 
14 
IS 
19 
20 
24 
2(5 

Dec.  U 
12 


6853 
6854 
9.8i;6S54 

s.95.](iS(;o 

9.52.J  (hSC.O 
8.65."  6861 
S.48.';6863 
9.19.' 6872 
9.17,' 6874 
8.80.,  6S76 
9.21.!  6S84 


8.0,. ,p  6646.6 
"•'^^  16647.6 
8.O63  6649.6 
8.16P  6654.6 
8.16„    6655.6 

3  S.6       6657.6 

4  8.762  6661.6 

5  8.23j  6663.6  July 
12  8.6P  6664.6 

20  8.4:  P  6665.6 
8  10.5r  6670.6 
6671.6 

6676.6 
6678.6 
6682.6 
6689.6 
6691.6 
6693.(i 


14  10.11 

15  10.11 
17  10.75. 
22  10.94., 


6736 
6740 
6741 
6746 


6.35 
6.46. 

5.94, «; 


=  6723 
6729     Sept. 


30 


6739 


23   10.49^  6747 


23 


«-36m>755 

;::^676i 


Oct. 


15 

28 
1 


7.26. 


9.0 

10.04., 
9.S3j 
9.56, 
9.57, 
8.60, 

10.13, 
9.23., 

10.07, 


7040  RT  Aquilae. 


25   10.21..        6207  Z  Onhiiicfil. 

nn    iA  -lo'  ,  .  1  Com. from 490.  Conip.St«r»4S!) 

29    10.0.1,  (Cont.fromSOS.  Comp.StarsSSSi  ,j,^ 

6757  Oct. 


1  10.07, 

2  10.80,  ^l*^. 
■  b,  1() 


Feb. 


1  10.0 

7  10.0 

8  9.8 
8  lO.Op 

14  9.9 

14  10.5p 

15  10.0 
17  9.9: 
26  10.0]p 
28  10.4 
30  ll,0]p  6587 

7  10.4P     6603 


o  10.02,,  :i 

S     9.75,  6iV- 
■'    MU3    'i:|^ 
(,  ,./  6.39 

9.08, 1  :ii- 
s:69:::i!:> 


9    10.1 
13 
14 
16 
20 


Aug.  14 
23 
26 

Sept.  4 
15 
18 
30 


Oct. 


6770 
^;6773 


4573  RU  Virijini 

(Comlnurtl  from  55*S.) 

Apr.   !(■ 
Mav      •- 


29      9.11, 

31      8.9.3,  I     6452  R  Y  Hemtlis. 
i.Cont.froni  5t3.  Comp.Suire  563 


10.9 
11.2 


670S 
6717 
6723 


A  us; 


10.25,  ^I'J', 
y-6o, 

9.28,  *':6' 
9-.,;  6. 81 

S..58','='-^' 

s.4o:«':''^ 

S.84:*^i' 

8.68:  ••^^-■^ 

8.86,. 
8.93,' 

6757 
6813 
6824 
15  10.45.6826 
24  11.]  6828 
30   11.1.3,6843 


Nov. 


Dec. 


3 
4 

15 
27 

(< 
15 
28 

9 


7.76, 
7.57. 
7.48; 
7.62, 
8..-..5, 
8.13. 
8.98] 
9.22, 


705G  RV  Aquilae 

Oct.      3 
28 


Nov. 
Dec. 


9 

11 
13 
28 


to 

] 
9.77 

9.6;; 
9.5 
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Comparison-Sta 

«8,  1893-1904. 

1717 

V 

Tiiuri. 

2090  Z  Puppin. 

0207  Z  Ophiuchi 

6682  A'  Ophiurhi 

Star        DM 

Mag. 

ji 

Stai 

DM. 

Mag. 

n 

Star 

DM.             Mag. 

n 

Star 

DM. 

Mag.      n 

W     +17°' 

■93 

9.08 

13 

L 

-20°2003 

7.77 

32 

IE 

+  1°3421       7.03 

5 

E 

+  8°3797 

6.67     43 

Y     +17°801 

9.73 

55 

P 

—  20°20()9 

8.30 

35 

L 

+  1°3427       8.38 

8 

F 

+  8°3799 

6.88     42 

Z     +17°' 

'99 

9.72 

56 

9 

-20°2015 

8.33 

35 

X 

+  r3418     10.50 

30 

(i 

+  8°3791 

6.73     50 

a     3n2f 

W 

10.20 

35 

u 

— 20°2025 

9.00 

25 

Z 

+  r3420     11.(17 

21 

\N 

+  9°3789 

8.12       2 

d     2?i2f 

Y 

11.62 

10 

\w 

-20°2021 

9.38 

11 

\Z 

+  1°3419     11.40 

13 

T 

+  9°3793 

9.16       2 

e     2n2p 

Y 

11.61 

10 

w 

-20°2014 

9.79 

36 

a 

8.«!  IE            9.90 

15 

\r 

+  9°3791 

9.28       3 

I     U3f 

y 

11.34 

13 

X 

-20°2016 

9.87 

44 

h 

3/'«              10.04 

>> 

r 

+  8°3798 

8.83     42 

k     l.s8/' 

11.52 

16 

Y 

-20°2006 

9.90 

56 

r 

3.V  If     V    11.49 

15 

iir 

+  S°3787 

./     5Ap 

Y 

1 1 .36 

28 

P 

X     f      V 

10.77 

10 

d 

\n-Sp     V     11.70 

26 

\z 

+  9°379,S 

9.;;2    17 

ni      U2f 

Z 

11.90 

17 

'I 

n    f       V 

10.81 

7 

a 

2.S- 1/-      V     12.60 

18 

zz 

+  S°37S;! 

9.00     10 

SUNSPOT   OBSERVATIONS, 

MADE     AT    THE    AMHERST     COLLEGE     OBSERVATORY, 

By  ROBERT  H.  BAKER. 


1905 

Gr. 

Spots 

Diss 
Gr. 

pp. 
Spots 

Rea 
Gr. 

pp. 
Spots 

To 
Gr. 

lal 
Spots 

Def. 

1905 

Gr. 

Spots 

Disa 
Gr. 

pp. 
Spots 

.    Rea 
Gr. 

pp. 
Spots 

ToUl 
Gr.    Spots 

Def. 

d        h 

Jan.     1     3 

_ 

_ 

_ 

_ 

_ 

_ 

1 

8 

3 

d      h 

Feb.  16  23 

_ 

_ 

_ 

_ 

_ 

_ 

2         5 

2 

4     3 

_ 

- 

_ 

_ 

_ 

_ 

1 

6 

2 

17  21 

2 

5 

_ 

_ 

1 

1 

4 

9 

3 

4  20 

_ 

- 

_ 

_ 

_ 

- 

1 

ti 

2 

19     0 

_ 

11 

_ 

_ 

_ 

_ 

3 

17 

5 

5     3 

1 

1 

_ 

_ 

_ 

_ 

2 

3 

4 

20  21 

_ 

_ 

1 

1 

_ 

_ 

2 

5 

2 

7  21 

3 

24 

1 

2 

1 

2 

4 

25 

3 

22  20 

_ 

7 

_ 

_ 

_ 

1 

8 

2 

8     3 

_ 

6 

_ 

- 

_ 

.. 

4 

30 

2 

23     4 

_ 

_ 

_ 

_ 

_ 

1 

7 

2 

8  21 

_ 

- 

_ 

- 

- 

_ 

4 

21 

3 

23  21 

_ 

6 

_ 

_ 

_ 

_ 

1 

14 

3 

9  21 

1 

7 

_ 

- 

1 

3 

4 

26 

4 

24     4 

_ 

1 

_ 

_ 

_ 

1 

15 

4 

10     3 

_ 

5 

_ 

- 

- 

_ 

4 

28 

2 

26     5 

1 

12 

_ 

1 

12 

2 

19 

4 

10  21 

_ 

5 

_ 

- 

_ 

4 

25 

5 

26  20 

_ 

_ 

_ 

_ 

_ 

2 

17 

4 

12  22 

_ 

16 

_ 

- 

_ 

_ 

3 

29 

5 

28     4 

_ 

_ 

- 

_ 

_ 

_ 

2 

12 

4 

13     3 

_ 

_ 

_ 

- 

_ 

_ 

3 

23 

4 

28  21 

1 

9 

- 

_ 

1 

1 

3 

21 

6 

13  22 

2 

3 

1 

3 

o 

3 

4 

30 

5 

Mar.    1     5 

2 

- 

_ 

_ 

2 

3 

23 

5 

14     4 

_ 

3 

_ 

- 

_ 

4 

31 

3 

1  22 

_ 

9 

- 

_ 

_ 

7 

3 

29 

4 

14  22 

_ 

11 

_ 

_ 

_ 

_ 

4 

41 

4 

2  "4 

_ 

10 

_ 

_ 

_ 

_ 

3 

42 

5 

15     4 

1 

3 

_ 

_ 

_ 

_ 

6 

36 

5 

2  21 

_ 

1 

_ 

_ 

_ 

_ 

3 

30 

3 

15  21 

_ 

1 

_ 

_ 

_ 

_ 

5 

31 

6 

4     5 

1 

36 

1 

4 

_ 

_ 

3 

62 

4 

16     3 

_ 

_ 

_ 

_ 

_ 

5 

28 

5 

4  22 

_ 

_ 

- 

_ 

_ 

3 

57 

3 

16  22 

_ 

5 

1 

3 

_ 

_ 

4 

29 

4 

5  21 

_ 

2 

- 

- 

_ 

_ 

3 

53 

5 

17  22 

_ 

6 

_ 

_ 

_ 

_ 

4 

35 

5 

6     5 

_ 

_ 

_ 

_ 

_ 

_ 

3 

41 

5 

19     2 

_ 

7 

1 

1 

_ 

_ 

3 

35 

5 

6  22 

_ 

_ 

- 

- 

_ 

_ 

3 

40 

4 

19  22 

_ 

19 

_ 

_ 

_ 

_ 

3 

51 

5 

9     0 

_ 

_ 

1 

11 

_ 

_ 

12 

1 

20     4 

1 

1 

- 

- 

1 

1 

4 

44 

3 

10     0 

_ 

_ 

- 

_ 

_ 

_ 

27 

4 

22     3 

_ 

_ 

_ 

13 

_ 

_ 

3 

10 

2 

12     5 

_ 

_ 

_ 

_ 

_ 

_ 

10 

4 

22  21 

_ 

4 

_ 

_ 

_ 

_ 

3 

20 

3 

12  22 

_ 

_ 

_ 

_ 

_ 

_ 

6 

4 

24     2 

_ 

- 

1 

4 

_ 

_ 

2 

3 

1 

13     5 

_ 

_ 

_ 

_ 

_ 

_ 

4 

5 

26  23 

_ 

- 

1 

2 

_ 

_ 

1 

o 

I 

13  20 

_ 

_ 

1 

4 

_ 

_ 

_ 

_ 

2 

28  21 

1 

6 

- 

_ 

1 

3 

2 

11 

4 

14     4 

1 

1 

_ 

- 

1 

1 

1 

4 

30     0 

_ 

12 

_ 

_ 

2 

21 

5 

14  20 

_ 

_ 

_ 

_ 

_ 

_ 

1 

3 

31     4 

_ 

14 

- 

_ 

_ 

_ 

2 

29 

3 

10  21 

_ 

5 

_ 

_ 

_ 

_ 

6 

4 

Feb.     1  22 

1 

31 

- 

- 

1 

2 

3 

58 

5 

17     5 

- 

3 

_ 

_ 

_ 

_ 

1 

9 

4 

2     4 

_ 

5 

- 

_ 

_ 

_ 

3 

63 

4 

17  22 

_ 

_ 

_ 

_ 

_ 

_ 

1 

8 

3    I 

2  22 

1 

4 

1 

1 

1 

1 

3 

45 

3 

22     5 

2 

7 

_ 

_ 

1 

1 

3 

11 

5 

3     4 

_ 

1 

_ 

- 

_ 

_ 

3 

43 

2 

25  21 

1 

13 

_ 

_ 

1 

12 

2 

19 

3 

3  20 

1 

7 

_ 

- 

1 

5 

4 

59 

4 

27     5 

1 

1 

- 

_ 

_ 

_ 

3 

12 

3 

4     4 

_ 

28 

_ 

_ 

_ 

_ 

4 

99 

5 

27  21 

14 

_ 

_ 

_ 

_ 

3 

31 

5 

4  22 

1 

1 

_ 

_ 

1  . 

1 

5 

60 

4 

28     5 

_ 

_ 

_ 

_ 

_ 

3 

25 

4 

5  21 

1 

5 

_ 

_ 

_ 

_ 

6 

42 

5 

28  21 

- 

_ 

- 

_ 

_ 

_ 

2 

14 

2 

7     0 

- 

- 

- 

- 

- 

_ 

5 

31 

5 

29     5 

1 

1 

- 

- 

- 

_ 

3 

13 

3 

10     0 

- 

4 

1 

20 

_ 

_ 

4 

12 

2 

29  22 

_ 

_ 

_ 

_ 

_ 

_ 

3 

10 

3 
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1 
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1 

7 

5 

27 

4 

30     6 

_ 

_ 

_ 

_ 

_ 

_ 

3 

13 

5 

14     4 

- 

3 

- 

- 

- 

_ 

5 

28 

4 

30  21 

- 

7 

1 

1 

- 

- 

1 

18 

2 

15  21 
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- 

1 

o 

- 

- 

3 

14 

4 

31     5 

- 

3 

- 

- 

- 

- 

2 

22 

3 

Observed  with  (5-iiicli  lietlcctor. 
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OBSERVATIONS  OF  COMETS, 

M.\DK    AT   THE   CINCINNATI   OBSERVATORY, 

By   J.  G.  PORTER  and  DeLISLE  STEWART. 


Cincinnati  M.T. 

* 

Comp. 

Ja          1         J8 

App.  a 

App.  8         1          log  pA           I  Red.  to 

App.  PI. 

Obs. 

Comet  1904  I. 

ItKM       (1       h       in      a 

m       8 

/          B 

tl          111        8 

O          1          K 

g 

§ 

Apr.  29    9    9  46 

1 

4,8 

+ 

0    6.64 

+4  44.5 

16  16  14.44 

+51  38  25.5 

n9.836 

0.178 

+  2.03 

-  3.8 

P 

30    9    6  58 

2 

8,8 

+ 

0  32.41 

-5  15.9 

16  12  20.41 

+52    7  10.5 

n9.837 

0.130 

+  2.07 

-  3.4 

P 

ilay     4    8  14    5 

3 

12,8 

+ 

1  38.29 

+  0  36.9 

15  i>6    2.12 

+  53  51  28.7 

7i9.869 

0.214 

+  2.16 

-  1.8 

P 

5    8    0  17 

6 

10,8 

_ 

1  15.90 

-3  36.1 

15  51  46.16 

+  54  14  56.0 

7*9.876 

0.239 

+  2.18 

-  1.5 

P 

9    8    8  18 

7 

6,5 

+ 

2  57.42 

+ 1  26.5 

15  33  56.76 

+  55  38  43.1 

/I9.861 

9.808 

+  2.24 

+  0.3 

P 

10    7  56  31 

8 

10,8 

_ 

0  42.14 

+  2  14.5 

15  29  24.59 

+  55  56  35.1 

7J9.867 

9.834 

+  2.25 

+  0.7 

P 

24    8  45  41 

9 

8,6 

+ 

2  21.55 

+  5  15.5 

14  24  39.84 

+  58    9  19.0 

719.520 

7i0.389 

+  2.00 

+   6.6 

P 

28    9  50  19 

10 

4,4 

+  12  34.37 

-1  25.2 

14    7  24.18 

+58  10  23.0 

8.468 

710.461 

+  1.76 

+   7.9 

S 

June    3    8  47  38 

11 

12,14 

+ 

0  18.12 

+  4  47.4 

13  44  20.11 

+  57  49    5.4 

7!8.490 

7i0.453 

+  1.55 

+  9.1 

S 

S  10  38  31 

12 

12,10 

— 

1   9.77^ 

-3  27.5 

13  27  12.50 

+  57  14    2.7 

9.6S4 

710.419 

+  1.32 

+  10.0 

s 

17    9  26  36 

13 

12,12 

+ 

3  50.05 

-3  22.8 

13    2  47.73 

+  55  48  14.7 

9.630 

«0.225 

+  0.89 

+  10.2 

s 

20    8  51  35 

15 

10,6 

+ 

1  52.31 

-0  14.1 

12  56  13.56 

+  55  15  23.6 

9.571 

7J0.254 

+  0.79 

+  10.3 

p 

July     2  10  42  58 

16 

8,8 

_ 

4  34.67 

+0  36.7 

12  36    6.15 

+  52  54  27.6 

9.858 

0.229 

+0.46 

+  9.7 

s 

6  10  30  12 

17 

3,8 

_ 

0  22.31 

+  4  45.8 

12  31  24.54 

+52    7  34.8 

9.855 

0.290 

+  0.31 

+  9.2 

p 

13    9  49    5 

18 

10,10 

+ 

0  41.44 

-3  11.5 

12  25    4.11 

+  50  47  35.6 

9.837 

0.279 

+0.17 

+  8.1 

s 

18    9  28  15 

19 

13,10 

+ 

0  34.82 

-5    S3 

12  21  45.72 

+  49  52  53.1 

9.831 

0.312 

+  0.07 

+   7.6 

s 

Aug.     2  10    6  36 

20 

6,8 

_ 

4  0.651 

-3  10.1 

12  16  27.97 

+  47  24  11.0 

9.824 

0.654 

-0.12 

+  5.6 

s 

16    9    3  45 

21 

10,8 

+ 

1  12.33 

+  6  27.2 

12  15  58.91 

+  45  31  23.5 

9.808 

0.664 

-0.23 

+  2.8 

s 

Sept.  13    8    2    4 

22 

8,8 

+ 

2  57.88 

+  2  14.6 

12  22    1.36 

+43    6  39.2 

9.775 

0.737 

-0.32 

-   2.9 

s 

Oct.      1    7  32    2 

23 

7,10 

+ 

3    4.25 

+4  45.5= 

12  28    2.52 

+  42  36    1.4 

9.745 

0.786 

-0.27 

-   7.0 

s 

13  16  11  10 

24 

8,9 

_ 

1  17.65 

+  3    0.1 

12  32  13.72 

+  42  46  49.3 

719.782 

0.706 

-0.32 

-  9.8 

s 

Xov.     7  16  32  19 

25 

10,6 



1  28.17 

+  1  31.6 

12  38  27.38 

+  44  38  55.7 

7(9.791 

0.423 

+  0.05 

-17.3 

s 

14  16  25    7 

26 

10,8 

_ 

1  14.85 

+  8  55.6 

12  39    6.95 

+  45  34  17.2 

749. 7S6 

0.334 

+  0.21 

-20.0 

s 

Dec.     5  16  30  30 

27 

10,14 

+ 

0  28.24 

+  5  41.0 

12  35  54.58 

+  49  26  36.3 

7t9.70S 

8.278 

+  0.75 

-27.4 

s 

Encke'.s  Comet 

Nov.  29    S    1    1 

28 

10,9 



0  48.28 

+8    6.7 

21  IS  43.72 

+  10  25  55.1 

9.544 

0.665 

+  1.96 

+  24.7 

p 

30    7  41  52 

29 

12,8 

+ 

1  28.09 

+  0  41.0 

21  15    5.63 

+  9  51  43.4 

9.524 

0.665 

+  1.91 

+  24.3 

p 

Dec.     5    9    0  55 

30 

8,15 

_ 

0  13.59 

+  4  51.3 

20  56  33.88 

+  6  52  36.1 

9.647 

0.723 

+  1.76 

+  22.5 

s 

14    6  41  44 

31 

14,13 

+ 

1  30.61 

+  0  16.7 

20  21  21.07 

+   1    4    4.9 

9.590 

0.737 

+  1.58 

+  18.7 

s 

20    6  38  36 

32 

8,13 

+ 

0    4.03 

—  5  57.0 

19  53  13.31 

-  3  35  41.0 

9.634 

0.752 

+  1.50 

+  16.1 

s 

1  It  was  assumed  that  the  position-circle  was  set  wrong  by  10°,  and  Ja  corrected  accordingly. 

-It  was  assumed  that  the  micrometer  was  read  wrong  by  four  turns,  and  J8  corrected  accordingly. 


One  turn  =  16'."0. 


Mean 

Places 

of  Comparison- Sta 

rs  for  the 

be(/inni»(/ 

«/■ 

(/ic 

;/enr. 

* 

a 

S 

Authority 

* 

a 

8 

Authority 

1 

1 
16 

16 

5.77 

+  -A 

33 

44.8 

Harvard,  A.G.  4960 

18 

h       1 

12  24 

'22*50 

+50  50  39.0 

Harvard,  A.G.  4085 

') 

16 

11 

45.93 

+52 

12 

29.8 

A.G.  4947 

19 

12  21 

10.83 

+  49 

57 

53.8 

A.G.  4072 

3 

15 

54 

21.67 

+53 

50 

53.6 

H.n.  +M'17S3  ooiniiareU 

20 

12  20 

28.74 

+47 

o- 

15.5 

Bonn,  A.G.  8494 

4 

15 

44 

28.57 

+  53 

55 

4.1 

Havvanl,  A.G.  4839 

21 

12  14 

46.81 

+  45 

24 

53.5 

"      A.G.  8450 

5 

15 

46 

13.34 

+53 

58 

19.3 

A.G.  4847 

oo 

12^19 

3.S0 

+  43 

4 

27.5 

"      A.G.  8482  &f^- 

6 

15 

52 

59.88 

+  54 

18 

33.6 

A.G.  4869 

23 

12  24 

58.54 

+  42 

31 

22.9 

"      A.G.  S52S   , 

7 

15 

30 

57.10 

+  55 

37 

16.3 

Hels.-Gotha,  A.G.840S 

24 

12  33 

31.69 

+  42 

43 

59.0 

"      A.G.  8594 

S 

15 

30 

4.48 

+  55 

54 

19.9 

A.G.8402 

25 

12  39 

55.51 

+  44 

37 

41.4 

"      A.G.  8642 

9 

14 

0'> 

16.29 

+  58 

3 

56.9 

A.G.796(i 

26 

12  40 

21.59 

+  45 

25 

41.6 

"      A.G.  8647 

10 

13 

54 

48.05 

+  58 

11 

40  3 

A.G.7774 

27 

12  35 

25.59 

+  49 

21 

'*2  7 

"      A.G.  8610 

11 

13 

44 

0.44 

+  57 

44 

8.9 

"            A.G.7709 

2S 

21   19 

30.04 

+  10 

17 

23.7 

Leipzis;  I,  A.G.  S476 

12 

13 

28 

20.95 

+  57 

17 

20.2 

A.G.760S 

29 

21  13 

35.63 

+  9 

50 

38.1  '       "      II.  A.G.  10665 

13 

12 

58 

56.79 

+  55 

51 

27.3   B.D.-|-56''1637coniii.witli 

30 

20  56 

45.71 

+   6 

47 

oo  •}      L»ln«UII.  .V.*;.  u«» 

14 

13 

11 

23.77 

+  55 

49 

25.4 

Hels.-Gotha,  A.CJ.  7496 

31 

20  19 

48.88 

+   1 

3 

•>n  r.     .Sic.  A,»i  si«.  .vitutnT.  .K-G.  not 

15 

12 

54 

20.46 

+  55 

15 

27.4 

"            A.G.  7388 

32 

19  53 

7.78 

-   3 

30 

0.1     H.D.-3°4755conii>.\rith 

16 

12 

40 

40.36 

+  52 

53 

41.2 

Harvard,  A.G.  4134 

33 

19  57 

36.16 

-  3 

36 

33.8    Karls.&  Rad.  1 890, 5364 

17 

12 

31 

46.54 

+  52 

2 

39.8 

«         A.G.  4104 
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OCCULTATIONS  OF   STARS   BY  THE  MOON, 

OBSEUVEP    AT   THE    l".S.    NAVAL   OIISEKVATOHY, 

By  H.   L.  rice,  J.  C.  IIAMMOXD  and  MATT  FKEUERICKSON. 
[Communicated  by  Kear-Adiniral  C.  M.  Cuestek,  U.S.X.,  Supcrintemient.], 


No. 

Date 

Star 

Phe- 
nom. 

Obs. 

Sid.  Time 

Wash.  M.T. 

Xo. 

Date 

Star 

Phe- 
nom. 

Obs. 

Sid.  Time 

Wasli.  M.T. 

inx 

ll        til       s 

h       III      8 

into       i   , 

1.       in      8 

h      ill     a 

1 

May  21 

B.A.C.  3398 

DD 

H. 

14  47  11.7 

10  49  47.0 

28 

Jan.  14  iR.A.C.  764 

DD 

F. 

1  57  22.9 

6  22  22.0 

2 

Aug.    5 

y  Tanri 

DB 

E. 

22  54  28.6 

13  56  54.8 

29 

14  B.A.C.  764 

EB 

F. 

2  55  38.6 

7  20  28.1 

3 

5 

y  Tanri 

ED     R. 

23  53  21.0 

14  55  38.2 

30 

16      -y  Tauri 

DD 

F. 

8  38    6.8 

12  54    8.4 

4 

23 

W.B.XX,1293 

DD 

R. 

1  26  56.9  i  15  18  11.9 

31 

16      y  Tauri 

RB 

F. 

9    4  36.7 

13  20  34.0 

5 

Oct.  11 

ij  Librae 

DD 

R. 

20  20  23.4      6  59  49.1 

.S'' 

20      5  Cancri 

DD 

F. 

3  34  12.4 

7  35  20.2 

6 

26 

75  Tiniri 

ED    F. 

6  48  14.1    16  26  58.4 

33 

20      5  Canrri 

EB 

F. 

4  34  26.4 

8  35  24.3 

7 

26 

B.A.C.  1391   ED    F. 

7  46  17.9:  17  24  52.7 

34 

25      /.■  I'ir'/inis  DB 

F. 

9  46  54.2 

13  27  21.4 

8 

26 

B.A.C.  1406  DB  ;  F. 

8  40  25.2 

18  IS  j")!.! 

35 

25  ,    A-  J'ir//inis\  ED 

F. 

10  53  52.9 

14  34    9.1 

9 

26 

«  Taitri 

DB 

F. 

9  47  33.9 

19  25  48.8 

36 

Feb.  14 

130  Tauri 

DD  1  F. 

10  43  15.7 

13    4  55.5 

10 

27 

115  Tauri 

DB 

F. 

8  47  42.3 

18  22  11.1 

37 

17 

B.A.C. 2888 

DD 

F. 

6  40  48.3 

8  57  19.1 

11 

Nov.  23 

B.A.C.  1526 

DB 

F. 

1  14    4.8 

9    3  38.4 

38 

20 

^Virgin  is 

DB 

F. 

16  32  41.4 

18  29  48.5 

12 

26 

5  Canrri 

DB 

F. 

9  53  13.1 

17  29  33.9 

39 

24 

y  Lihrae 

DB 

R. 

15    1  33.1  j  16  43  11.5 

13 

26 

5  Cancri 

RD 

F. 

10  52  14.7 

18  28  25.8 

40 

24 

y  Lihrae 

ED 

R. 

16  22  36.6!  18    4    1.7 

14 

Dec.    1 

Mars  I 

DB 

H. 

6  49  54 

14    7    5 

41 

26 

DM.— 1S°4.J16 

RD 

R. 

13  56  27.4 

15  30  24.6 

15 

1 

Mars  11 

DB 

H. 

6  50    4 

14    7  15 

42 

Mar.  12 

70  Tauri 

DD 

F. 

6  48  53.7 

7  28  58.3 

16 

1 

Mars  I 

DB 

F. 

6  49  40.8 

14    6  52.2 

43 

12 

6^  Tauri 

DD 

F. 

8  39  29.1 

9  19  15.6 

17 

1 

Mars  11 

DB 

F. 

6  49  50.3 

14    7    1.6 

44 

12 

e-  Tauri 

DD 

F. 

8  52  57.1 

9  32  41.4 

18 

1 

Mars 

RD 

H. 

7  51  21.4 

15    8  22.6 

45 

27 

Lai.  35499 

DB 

F. 

1 6  44  20.9 

16  23  49.4 

19 

1 

Mars 

ED 

F. 

7  51  20.9 

15    8  22.2 

46 

27 

Lai.  35499 

ED 

F. 

18  10  54.2 

17  50    8.5 

20 

14 

2QFisciiim 

DD 

F. 

4  22    6.6 

10  48  35.3 

47 

Apr.  18 

I-  Virijinis,  DD 

F. 

10  13  57.0 

8  27  59.5 

21 

20 

B.A.C. 1391 

DD 

R. 

23  18    2.7 

5  21  45.7 

48 

18 

r^  Virginis 

RB 

F. 

11  20    6.6 

9  33  58.2 

22 

20 

B.A.C.  1394 

DD 

R. 

23  23  26.7 

6  27    8.9 

49 

20 

y  Lihrae 

DB 

F. 

12  37    2.1 

10  42  49.3 

23 

20 

B.A.C.  1406 

DD 

R. 

0  53  17.5 

6  56  44.9 

50 

20 

y  Lihrae 

RD 

F. 

13  44  22.0    11  49  58.2 

24 

20 

«  Taiiri 

DD 

H. 

2  14  31.8 

8  17  45.9 

51 

24 

Maver  814 

DB 

F. 

16  43  41.9    14  33    5.1 

25 

20 

a  Tauri 

DD 

R. 

2  14  31.6 

8  17  45.7 

52 

24 

Mayer  814  ;  ED 

F. 

17  38  27.5    15  27  41.7 

26 

20 

a  Tauri 

RB 

H. 

3  35  50.8 

9  38  51.6 

53 

May  16 

94  rirriinis   DD 

F. 

13  14  14.2 

9  37  41.7 

27 

20 

a  Tauri 

RB 

E. 

3  35  50.8 

9  38  51.6 

54 

June 14 

■q  Lihrae       DD 

F. 

17    6  53.3 

11  35  41.3 

1 

55 

14 

,,  Librae    \  EB 

F. 

18  10  35.7 

12  39  13.3 

Xos.  11,  14,  15,  24,  26,  47,  48,  were  observed  with  the  26-incli  equatorial  ;  Xo.  8,  witli  the  .5-inch  finder  of  tlie  26-incli  equatorial  ; 
the  reniaindi'r  with  the  12-inch  equatorial.     Nos.  14  and  15  were  observed  eye-and-ear. 

In  the  fourth  column  DD  signifies  that  the  star  disappeared  at  the  dark  limb  of  the  Moon  : 
DB         "  "  "  '•  "        bright     "        "  "      : 

"  "  "  RD        "  "  "  reappeared        "        dark        "        "  "      ; 

"  "  "  RB        "  "  "  "  "        briglit     "        "  "      : 

Nos.  5,  10,  30,  .31,  32,  33,  37,  42,  were  observed  with  a  power  240  ;  Xos.  6,  7,  S,  9,  12,  13,  26,  27,  with  a  power  165  :  Xos.  11,  14. 
15,  24,  26,  47,  48,  witli  a  power  of  180  ;  No.  IS  with  a  power  30  ;  Xos.  .54,  .55  with  a  power  335;  the  remainder  were  observed  with 
a  power  116. 

Xos.  32,  33,  full  moon  about  6|  hours  after  emersion.     Xos.  47,  48,  full  moon  about  11  hours  after  emersion. 

Nos.  4,  5,  22,  38,  uncertain  on  account  of  moon's  nearness  to  horizon.  No.  45  uncertain  on  account  of  daylight.  Nos.  3,  29, 
probably  late. 
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